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NOTE :  Supporting documentation that references QAPP, IHQAP, DSQAP and MQAP is 
referring to this QAM. These references in supporting documents will be updated in the next 
revision cycle for documents.  
 
 

1.0 Introduction 

1.1 Purpose 

 This Quality Assurance Manual (QAM) describes the policies, procedures and 
accountabilities established by the Laboratory of ALS Environmental (ALS) to ensure 
that the test results reported from analysis of air, water, soil, waste, and other matrices are 
reliable and of known and documented quality. This document describes the quality 
assurance and quality control procedures followed to generate reliable analytical data. 

 This QAM is designed to be an overview of ALS operations. Detailed methodologies and 
practices are written in ALS Standard Operating Procedures (SOPs). Where appropriate, 
ALS SOPs are referenced in this document to direct the reader to more complete 
information. A discussion of ALS SOPs is found in section 3.3 of this manual, and a list 
of current SOPs and controlled documents is found in Exhibit 11. 

 ALS maintains certifications pertaining to various commercial and government entities; 
these are listed in Exhibit 1. Each certification requires that the laboratory continue to 
perform at levels specified by the programs issuing certification. Program requirements 
can be rigorous; they include performance evaluations as well as annual audits of the 
laboratory to verify compliance.  

1.2 Quality Assurance Policy 
 
ALS is committed to producing legally defensible analytical data of known and 
documented quality acceptable for its intended use and in compliance with applicable 
regulatory programs. This QAM is designed to satisfy the applicable requirements of the 
State of Utah, United States Environmental Protection Agency (USEPA), American 
Industrial Hygiene Association (AIHA) policies April 2010, TNI Volume 1 and ISO 
17025:2005. 
 
ALS  management has committed its full support to provide the personnel, facilities, 
equipment, and procedures required by this QAM.  
 
ALS management is committed to improvements of the management systems through 
compliance with its own policies and procedures and ALS management is also committed 
to compliance with requirements related to current EPA CLP SOWs, DoD QSM, DOE 
QSAS, and other client and project related requirements.  
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ALS management is committed to continually improving the effectiveness of the 
management and quality systems by implementing the requirements of this quality 
manual.  
 
ALS management reviews its operations on an ongoing basis and seeks input from staff 
and clients to make improvements.  
 
It is the policy of ALS that all employees be familiar with all quality documentation as 
specified in section 2.1. 
 

1.3 Policy on Waste, Fraud, and Abuse 
 
ALS policy on waste, fraud, and abuse is described in ALS SOP CE-GEN-001, 
“Laboratory Ethics and Data Integrity.” It is the policy of ALS to generate accurate and 
reliable data in accordance with contractual and regulatory requirements.  
 
It is also the policy of ALS to perform work for clients in the most efficient manner 
possible, avoiding waste of resources. It is the role of both ALS management and 
employees to ensure that work for clients is performed most efficiently and effectively by 
properly utilizing ALS purchased materials, equipment, and the time and ability of 
personnel. 
 

1.4 Quality System 
 
This QAM and SOPs referenced in this document comprise the ALS management 
system. This management system includes all quality assurance policies and quality 
control procedures. Review of the Management System is completed on an ongoing basis 
as described in ALS SOP LAB-026 “Management Review.”   
 
The structure of documentation supporting this management system is outlined in section 
2.1. 
 

1.5 Client Confidentiality 
 
Documents provided to the laboratory are held in strict confidence by project 
management staff. Documents pertaining to quality assurance and analytical requirements 
are reviewed with appropriate managers and staff through the project specific meetings 
and Horizon profiles. Project related information provided by clients is securely archived 
using procedures described in the ALS SOP LAB-013 “Archives.”  
 
The transmittal of final results is specified in Horizon profiles and followed unless 
specific changes are made to the Project Manager assigned to the client/project. Client 
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communication procedures and documentation requirements are listed in ALS SOP LAB-
023 “Client Communication.” 
 

1.6 Data Integrity Policies  
 
ALS policy is described in ALS SOP LAB-050, “You and the Management System” and 
CE-GEN-001, “Laboratory Ethics and Data Integrity.” It is the policy of ALS to generate 
accurate and reliable data in accordance with contractual and regulatory requirements. As 
stated in the ALS policies manual, any undue pressure applied to employees in the 
performance of their duties must be reported as per procedures for reporting listed in ALS 
SOP CE-GEN-001. It is against ALS policy to improperly manipulate or falsify data or to 
engage in any other unethical conduct as defined in ALS  SOP CE-GEN-001. ALS 
provides mandatory initial and annual refresher training for all employees on SOP CE-
GEN-001, “Laboratory Ethics and Data Integrity.” 
 
The pertinent ALS Project Manager must approve deviations from contractual 
requirements. The Project Manager obtains approval for any such deviations, either in 
writing or by phone (documented in a phone log) from pertinent contract authorities. In 
addition, ALS requires that deviations from contractual requirements that might affect 
data quality be reported to clients. Any employee who knowingly manipulates and/or 
falsifies data or documents or engages in any unethical conduct is subject to immediate 
release from employment. 
 
ALS employees who are aware of, or reasonably suspicious of, any case of data 
manipulation, falsification of data, waste of resources, or other unethical practice or 
misconduct shall notify any manager. Under the direction of the laboratory director, 
every allegation of unethical conduct will be fully investigated.  
 

1.7 Communication 
 
Although verbal communication with employees is essential, written and visual 
communication through email and computer systems is the cornerstone of effective 
communication at ALS. Computer workstations throughout the lab provide access to 
Horizon, ALS On-Line and email systems. All information essential for effective and 
consistent communication of analytical requirements and details affecting quality is 
available through these computerized systems. 
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2.0 Laboratory Organization and Responsibilities for Quality Assurance 

2.1 Laboratory Organization 
 
The Laboratory is organized around the functions described in the following sections. 
Exhibit 2 of this QAM contains a detailed organization chart for this laboratory. The 
laboratory is part of ALS USA Corp and the Laboratory Director reports to the Director 
of Operations, USA. There are other support functions such as human resources, 
accounting, safety oversight and computer systems that are provided to the laboratory by 
corporate entities but none of which is responsible for managing laboratory activities. 
The support functions of this laboratory involved with testing and services are under the 
direction of the laboratory director.  
 
Each of these organizational elements has specific responsibilities for quality assurance 
in the laboratory. All employees are assigned a minimum set of management system 
documents which includes this quality assurance manual along with various management 
systems and technical SOPs as listed in ALS SOP LAB-006, “Training.” Other 
documentation associated with projects is distributed through project management and 
Horizon profiles as per ALS SOP LAB-023, “Client Communication.” 
 
All employees are required to implement the policies and procedures as assigned. 

This QAM is implemented through the distribution and hierarchy of the document system 
at ALS. ALS SOP LAB-050 “You and the Management System” describes the functional 
relationships of personnel to the management system.  

The following flow chart diagrams the structure and relationship of documents used to 
implement quality policy at ALS. 
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2.2 Responsibilities for Quality Assurance 

 
2.2.1 ALS Laboratory Director 

 
The Laboratory Director is responsible to ensure: 

 
• Implementation of quality policy and applicable standards. 
• Employees have sufficient experience and training to perform QAM-related duties 

and procedures. 
• That the necessary facilities and equipment are available to meet the commitments 

of the laboratory. 
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• Sample handling, instrument calibration, sample analysis, and related activities are 

conducted and documented as described in this QAM, its related Standard 
Operating Procedures (SOPs), and its referenced methods. 

• That routine QC samples are prepared, analyzed, and reviewed as required by this 
QAM. 

• That at regular intervals  audits are conducted and documented to assess 
compliance with this QAM. 

• That corrective action is initiated and completed to remedy discrepancies or 
problems identified in any laboratory process. 

• Management review of all processes and procedures associated with the 
management system. 

 
2.2.2 Quality Assurance Manager 

 
The Quality Assurance Manager reports directly to top management and is 
responsible to: 

 
• Ensure implementation of quality policy and applicable standards. 
• Understand, monitor and evaluate the quality assurance (QA) and quality control 

(QC) activities described in this QAM and its references, reporting deficiencies 
and identifying resource requirements to the Laboratory Director. 

• Conduct and document an annual internal audit of laboratory procedures to 
ensure compliance with this QAM and its references. 

• Conduct an annual update of this QAM and review or update laboratory Standard 
Operating Procedures (SOPs). 

• Arrange for the analysis of demonstration of competency (DOC) and 
performance evaluation (PE) samples. 

• Maintain a record of ongoing personnel training for QAM-related activities, 
reporting training deficiencies to the Laboratory Director. 

• Maintain the laboratory documentation of nonconformance, corrective action, 
preventive action and improvement programs. 

 
2.2.3 Inorganic Chemistry and Organic Chemistry Managers 

 
The managers of these operations report directly to the Laboratory Director and 
are responsible to: 

 
• Ensure implementation of quality policy and applicable standards. 
• Read, understand and follow this QAM with its references. 
• Ensure that each set of reported results meets the requirements specified in this 

QAM and meets the client’s requirements as defined in the applicable project 
requirements. 

• Ensure that personnel are trained, authorized and utilized effectively. 
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• Ensure that facilities and equipment are maintained and utilized effectively. 
• Ensure that supplies are available and utilized effectively. 
• Immediately report technical and quality problems to the Laboratory Director or 

Quality Assurance Manager. 
 
2.2.4 Project Managers 

 
Project Managers report directly to the Laboratory Director. Project Managers 
are especially involved in the production and assurance of quality results. Client 
communication procedures and documentation requirements are listed in the 
ALS SOP LAB-023, “Client Communication.” Project Managers are responsible 
to: 

 
• Ensure implementation of quality policy and applicable standards. 
• Complete and distribute project related information for each project before the 

laboratory starts work on the project. 
• Immediately communicate to the laboratory changes made to projects in progress 

and document these changes as appropriate. 
• Respond to client requests for information and coordinate responses to client 

audits. 
• Ensure Horizon work orders are reviewed and meet client project requirements 

before release to the laboratory. 
• Perform an initial review of results for large projects to verify that data reports 

submitted to the client meet all project requirements. 
 
2.2.5 Computer Support 
 

Computer Support personnel are responsible to: 
 
• Specify, procure, and maintain all computer hardware and software used at ALS. 
• Program and maintain the ALS Laboratory Information Management System 

(Horizon). 
• Perform backups and safely archive stored data. 
• Document all changes to computer hardware and software at ALS. 
 
2.2.6 Technical and Support Staff (Analysts and Technicians) 
 
 It is the responsibility of all technical and support staff to comply with all 

procedures and be familiar with current quality systems and policies as 
established by management. To comply with these requirements, analysts are 
responsible but not limited to the following: 
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• Follow project requirements as delineated by project managers to ensure analyses 

are performed as requested. 
• Develop knowledge and understanding of the QAM requirements under which 

samples are analyzed. 
• Notify managers and Quality Assurance personnel when QA problems arise. 
• Follow Quality Assurance requirements as outlined in the QAM and SOPs. 

Follow appropriate channels regarding modification of existing SOPs. 
• Maintain accurate records of analyses in notebooks; maintaining instrumentation 

logbooks. 
• Ensure that applicable data are included in each data package in accordance with 

applicable SOPs. 
• Record all nonconformance and corrective actions. 
• Follow appropriate protocols when the results for QC samples and/or check 

standards do not meet acceptance criteria. 
• Apply integrity and professional judgment when dealing with analytical 

processes and laboratory operations. 
 

2.3 Personnel and Training 
 
2.3.1 The ALS laboratory employs sufficient personnel to complete required chemical 

analyses and support activities. Support activities include personnel recruiting 
and management, sample receiving and logging, computer programming and data 
processing, analytical report preparation, equipment procurement, and method 
development. 
 

2.3.2 Key Personnel - Listed in Exhibit 3 
 

2.3.3 Training  
 

All ALS staff assigned to perform tasks affecting or relating to testing receives 
training relative to pertinent areas of responsibility, both prior to performing 
work on client samples and on an ongoing basis. Such training comes from 
internal and external sources. The ALS training program specified in the ALS 
SOP LAB-006, “Training” includes quality training, technical training, safety 
training, and other training as described in this QAM. ALS managers are 
responsible to ensure that all staff training is initiated, completed, verified, and 
documented. 
 
The specific training and experience of laboratory personnel is documented in 
individual training files maintained in accordance with ALS SOP LAB-007, 
“Record of Training,” and include documentation of analytical proficiency 
through the analysis of QC and PT samples. 
 
2.3.3.1 Quality Training 

 
The ALS Quality Assurance Manager is responsible to orient new 
analytical personnel to the ALS QA program, policies, and procedures. 
This required orientation includes training classes and video 
presentations, as well as reading and understanding this QAM. Quality 
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orientations are presented on an as-needed basis as new employees are 
hired. The quality orientation has two goals: to communicate information 
and to emphasize the importance of maintaining quality in the laboratory. 
 

2.3.3.2 Technical Training 
 
Technical training is accomplished through reading SOPs, using other 
training materials (manufacturer manuals, videos, and computer-based 
instruction), observation of others’ performance, and performing tests 
under direct supervision. When possible, training is verified through the 
successful analysis of QC samples. The appropriate manager evaluates 
the acceptability of prior experience and training.   
 
As laboratory SOPs are updated, assigned analysts receive notification. 
They are required to read the revised SOPs and document that reading in 
their training files before performing analyses using the revised 
procedure.  
 
Demonstration of Capability – A demonstration of capability is 
conducted initially and at least annually for all methods. See ALS SOP 
LAB-006 section 5.6. 
 

2.3.3.3 Safety Training 
 
Managers are responsible for continuous laboratory safety training and 
ensuring safety awareness in the laboratory. ALS safety documents are 
tracked as per the document control system (Section 3) and training 
records are retained as per ALS SOP Lab-007, “Record of Training.” 
 
Training to handle and properly dispose of hazardous waste is provided, 
as appropriate, for each work area.  
 
Monthly meetings of the Safety Committee provide a forum to identify 
and resolve safety concerns. 
 
Safety is discussed at all laboratory staff meetings. 
 

2.3.3.4 Other Training 
 
The Radiation Safety Officer (RSO) directs training to handle 
radiological materials . All analysts must complete this training 
satisfactorily before working with radiological materials and samples.  
 
Training concerning the use of the computer system and automated data 
handling systems is conducted by both the appropriate managers and 
computer support personnel.  
 
Management training is conducted by ALS staff or by outside 
consultants. 
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3.0 Document Control 

3.1 General 
 
3.1.1 Control of Internally Generated Documents 
 

SOPs and the QAM are maintained under document control procedures described 
in ALS SOP LAB-021 – “Document Control.” Additional information 
concerning the generation and updating of controlled documents is contained in 
section 3.2 and 3.3 of this QAM and ALS SOPs, IH-GL-004, XX-DC-011, MC-
QA-001, and DS-QA-001.  

 
3.1.2 Control of Externally Generated Documents 
 

External documents, such as reference methods, accreditation policies and 
requirements, and reference manuals are maintained under document control 
policies through the use of ALS On-Line and described in ALS SOP LAB-021. 
Additionally, quality assurance program documents, project plan documents, and 
contractual Statement of Work documents generated by a client can be 
designated as controlled documents at the discretion of the ALS Project Manager, 
the ALS Quality Assurance Manager, or the Laboratory Director. 

 
3.1.3 Documentation 
 

The distribution of internal controlled documents is managed by the Quality 
Assurance personnel using databases and ALS On-Line. Documentation of 
internally generated documents for employee assignment and reading are 
maintained by Quality Assurance.  
 
A record of the distribution of controlled documents is maintained by the Quality 
Assurance Personnel. This record includes the document and version numbers, 
assigned personnel, and reading records.  
 

3.2 QAM 
 
This QAM is a controlled document with distribution to all ALS staff members involved 
in QAM related activities. The ALS Quality Assurance Manager may distribute copies of 
the ALS QAM to other persons, such as clients and subcontractors. The QAM is updated 
annually.   

 
3.3 SOPs 

 
3.3.1 Retention and Distribution 

 
  The Quality Assurance Manager is responsible for the retention and distribution 

of SOPs, in accordance with ALS SOP LAB-021, “Document Control.”  
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3.3.2 Revision of SOPs 

 
Revisions are made in accordance with ALS SOP LAB-021 and the following 
table. Assignments are made to the responsible ALS manager or designee to 
review and update SOPs applicable to the area of responsibility. At times it is 
also necessary to obtain approval by specific clients before written SOPs can be 
modified. After revision, the appropriate Manager, Quality Assurance Manager, 
and Laboratory Director must approve the updated SOP. Updated SOPs are then 
distributed on line and to holders of controlled copies. 
 
SOP Type Review Cycle 
Environmental Testing SOPs 12 Months 
Industrial Hygiene Testing SOPs 24 Months 
Management Systems SOPs 36 Months 
All other SOPs 24 Month 
 

 
3.3.3 Retiring of SOPs 

 
  If it becomes necessary to retire an SOP, approval of the Laboratory Director, 

appropriate Manager, or Quality Assurance Manager must be obtained before 
retirement can take place. After retirement, the SOP is stored in the retired SOP 
file for future reference. 

 

4.0 Facilities 

4.1 General 
 
The ALS facility, constructed in 1988 and located at 960 West LeVoy Drive, was 
designed and built to function as a laboratory. The area used for chemical analyses and 
associated activities is approximately 25,000 square feet. It is a secure facility with 
electronically coded card key access for employees; visitors access the facility through a 
reception area. The floor plan of the ALS building is included in Exhibit 5. 
 
4.1.1 Laboratory Areas 

 
Laboratory areas are segregated by HVAC systems to contain contamination and 
to eliminate potential contamination from specific laboratory areas that require 
low ambient chemical background levels for successful analysis. The facility is 
cleaned and maintained to ensure that contamination is minimized and that 
laboratory systems perform reliably. 
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4.1.2 Bench Space 

 
Each area in the laboratory has adequate bench space for instrumentation and for 
the processes assigned to that area. Frequently, samples are placed on carts to 
allow efficient processing from preparation through analysis and into storage. 
 

4.1.3 Storage Space 
 
In addition to the bulk storage areas, each laboratory area has cabinet and under-
bench storage. Some areas have walk-in storage as well. 
 

4.1.4 Lighting 
 
Each laboratory area was built with lighting designed for analytical work. The 
lighting has been upgraded to achieve more energy efficiency. Emergency 
lighting is provided in the event of a power failure. 
 

4.1.5 Air-handling Systems 
 
Laboratory ventilation is provided by single-pass airflow to the individual 
laboratories. The sample preparation and extraction laboratories are maintained at 
a negative pressure relative to the rest of the building. Air intakes and exhausts 
are positioned to reduce cross-contamination by taking advantage of the 
prevailing winds.  
 

4.1.6 Laboratory Reagent Water System 
 
Laboratory reagent water is prepared and maintained in a reservoir using a 
combination of deionization, reverse osmosis, and UV radiation. It is delivered 
throughout the laboratory by a constantly circulating system constructed of 
polyvinyl difluoride piping. The water supplied meets or exceeds the 
specifications for ASTM Type II water. The conductance of the reagent water 
system is monitored and maintained continuously to keep the reagent water 
within ASTM specifications. 
 

4.1.7 Safety Considerations 
 
The safety plan of ALS is described in detail in the document entitled, “Safety 
Manual and Chemical Hygiene Plan.” 
 
The laboratory is equipped with safety showers and eyewashes. Fume hood face 
velocities are checked routinely, and maintenance is conducted to ensure correct 
hood performance.  
 
Safety showers and eyewashes are inspected in accordance with the applicable 
OSHA requirements.  
 
Fume hoods are performance tested semi-annually using a calibrated 
anemometer.  
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All safety inspection records, including support equipment calibration and 
maintenance, are kept on file electronically for a minimum of five years. 
 
Waste disposal and control are listed on ALS On-Line. 
 

 

5.0 Equipment 

5.1 Specifications 
 

 A comprehensive list of instrumentation and support equipment utilized at ALS is 
included in Exhibit 6. Instrument specifications and the date of purchase are listed. 
Redundant instruments are maintained for particular analyses. The ALS Equipment List 
is organized by laboratory area with similar items grouped together.  

 
5.2 Calibration Procedures 

 
All instruments are calibrated or verified before use using reference materials with 
traceability established. Specific calibration requirements are detailed in the method 
SOPs and support equipment SOP. Specific environmental testing method requirements 
are summarized in Exhibit 7 and Appendix C. 
 

5.3 Preventive Maintenance, Schedules, and Documentation 
 
Routine maintenance is performed on laboratory instruments and equipment according to 
manufacturer recommendations. Maintenance is provided under warranty, through 
service contracts, and by ALS in-house personnel. The ALS approach to preventive 
maintenance is described in ALS SOP LAB-002, “Preventive Maintenance for Analytical 
Instrumentation.” Records of routine maintenance and emergency maintenance are kept 
with the instruments in maintenance logbooks according to ALS SOP LAB-030, 
“Documentation – Maintaining Instrument Records, Notebooks, and Logbooks.” 
 

5.4 Calibration of Support Equipment 
 
Laboratory equipment items such as analytical balances, pipettors, and thermometers 
used in refrigerators and ovens are calibrated against physical standards rather than 
chemical standards. Laboratory reference weights and thermometers are certified by ISO 
accredited vendors against NIST-traceable standards. All support equipment is 
maintained in proper working order and verified daily or prior to use. Support equipment 
is calibrated or verified as described by the following SOPs: 
 

 LAB-015 “Balances” 
 LAB-010 “Refrigerator Units” 
 LAB-016 “Calibration Verification of Pipettors” 
 LAB-018 “Calibration of Thermometers” 
 LAB-034 “Volumetric Verification of Disposable Digestion Vessels” 
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6.0 Safety Practices 

6.1 Radioactive Materials 
 
Some of the samples received at ALS are radioactive or potentially radioactive. These 
samples are handled in accordance with the ALS radioactive materials license and ALS 
SOP WA-DC-002, “Acceptance Criteria for Samples Processed Under the Radioactive 
Materials License.” 
 
Potentially radioactive samples are surveyed for external radiation in the sample 
receiving area and samples are handled in accordance with ALS SOP QS-DC-001 and 
IH-GL-006. 
 
Radioactive samples are prepared in laboratory areas under the direction of assigned 
personnel and analyzed in an area of the laboratory under procedures designed to prevent 
the transfer of radioactivity out of that area. The handling of radioactive samples at ALS 
is carried out under the direction of the ALS Radiation Safety Officer (RSO). 
 

6.2 Waste Management 
 
Analysts are trained and laboratory waste is managed according to the following SOPs: 
 
• LAB-004, “Hazardous Waste Handling and Disposal” 
• LAB-005, “General Laboratory Safety and Chemical Hygiene” 
• EA-DC-002, “Processed Sample Storage & Disposal Control” 
 

7.0 Procurement of Supplies and Services 

7.1 General 
 
ALS uses vendors which supply the level of quality required to perform testing activities. 
ALS maintains a relationship with multiple vendors and looks for vendors with 
comparable certifications or accreditations. Procedures designed to ensure that materials 
and services purchased meet the quality specifications of ALS are delineated in SOP 
LAB-008, “Procurement Controls for Purchased Materials and Services.” 
 

7.2 Subcontract Laboratories 
 
Laboratories contracted to perform analytical services for ALS must maintain quality 
programs consistent with the quality requirements of ALS. Before a laboratory performs 
subcontracted work for ALS, the Quality Assurance Manager must verify the 
acceptability of the quality program. At a minimum, this effort includes verification of 
necessary certifications. It can also include an on-site audit. 
 
Procedures and documentation for using sub-contract laboratories are listed in the ALS 
SOP LAB-023 “Client Communication.” All results provided to ALS by a subcontract 
laboratory are identified clearly in the analytical report to the ALS client. Under no 
circumstances will ALS PT samples be sent to a subcontract laboratory. 
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7.3 Supplies 
 
Procurement and receiving services are provided at ALS by administrative personnel. 
Procurement and receiving quality requirements established by ALS are followed.  
 
All requisitions for purchase are approved by ALS management and specify the quality 
of material required.  
 
All materials ordered by ALS will be purchased with available documentation of purity, 
traceability and uncertainty. Internet certificates are not acceptable unless scanned and 
stored on network drives. 
 

8.0 Sample Acceptance and Management 

8.1 Applicability and Scope 
 
 ALS policy is to accept all samples provided by the client unless specific safety concerns 

(i.e. radioactivity and health concerns) are discovered. Samples accepted with 
documentation and/or quality problems are identified, documented and resolved with the 
client as described in sample receiving procedures. 

 
 Properly reported sample results begin with efficient and accurate introduction of 

pertinent information into Horizon. This section describes ALS procedures for sample 
receipt, log-in, tracking through the laboratory, and disposal of residual materials. These 
procedures ensure the integrity of results by maintaining an unbroken chain-of-custody 
for each sample from receipt of the sample material to final disposal of any excess or 
residual product. 

 
 For environmental testing, a table denoting recommended types of bottles, as well as use 

and descriptions of preservatives, is included in Exhibit 8. 
 
8.2 Sample Receipt 

Procedures for receiving, processing, and storing samples and for ensuring continuity of 
the chain-of-custody are detailed in the following ALS SOPs: 

 
• QS-DC-001,“Sample Receipt and Logging” 
• IH-GL-006, “Sample Receipt and Logging” 
• QS-EP-100, “EPA Sample Receipt and Logging” 
• XX-DC-006, “Chain-of-Custody and Laboratory Tracking” 
• WA-DC-002, “Acceptance Criteria for Samples Processed Under the Radioactive 

Materials License” 
 
 The ALS Sample Receiving area is isolated from areas of the laboratory where analyses 

are performed. The area is equipped with ventilation hoods and adequate bench space to 
ensure that the sample receiving process is safe, efficient, and not a source of cross-
contamination in the laboratory.  
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8.3 Sample Tracking 
 
 Sample handling in the laboratory is tracked using a computer-based Laboratory 

Information Management System (HORIZON) or through the signatures on the hand-
carried chain of custody documents. After samples are received by the laboratory, as 
described above, sample receiving personnel enter the sample information into the LIMS. 
As samples move throughout the laboratory, a status code is updated automatically by 
Horizon as explained in ALS SOP XX-DC-006 or ALS SOP IH-GL-007. 

 
 When multiple analyses require splitting a sample, the custody documents are copied 

such that each split can be independently traced to its origin and appropriate entries can 
be entered into Horizon. 

 
8.4 Sample Storage and Security  
 
 Following receipt, samples are stored in accordance with analytical method requirements 

for storage and preservation. Samples for organic and inorganic analysis are normally 
stored in a walk in refrigerator or shelf in the sample receipt area. Samples to be analyzed 
for environmental volatile testing  are stored separately from all other samples in a 
refrigerator. Samples are stored in the receiving area until transferred to an analyst to 
initiate the analytical process. 

 
 To maintain facility security and thus sample security, entrance to the ALS facility can be 

attained only through coded card key access, except at the main business entrance; this is 
open only during normal business hours and monitored by a receptionist. All non-
employees are required to sign in with the receptionist at the main entrance.  

 
8.5 Chain-of-Custody 
 
 In order to ensure that legally defensible data are produced at ALS, chain-of-custody 

procedures are established and are described in ALS SOP XX-DC-006 or IH-GL-007.  
 
 Examples of the ALS Chain-of-Custody Form (CoC) and Analytical Request Form 

(ARF) are included in Exhibit 9.  
 

9.0 Analytical Procedures 

9.1 General 
 

ALS policy is that all SOPs be compliant with the reference method. In the event that 
several methods are referenced in an SOP, all procedures must be compliant with all 
referenced methods. All SOPs include a section describing changes and clarifications from 
the reference method. In the event that an analytical method is modified, the SOP 
documentation must include a description of the modification, any justification of the 
method modification which includes, but is not limited to, method performance and 
recovery data, any other supporting data, and approval from the Technical Managers, 
Quality Assurance Manager, and Laboratory Director. In the event that an analytical 
method must be modified or is modified to perform on specific sample matrices, the 



ALS Environmental (SLC) 
Quality Assurance Manual 

 Rev 1, Effective: November 15, 2011 
Page 18 of 30 

 
modification and reason must be stated in the case narrative. All modified methods will be 
identified on the analytical report. 

 
9.2 Reference Methods 

 
9.2.1 Reference methods for environmental samples are drawn primarily from the 

current version of Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods (SW-846), Third Edition. Reference methods for water analysis are 
taken from Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-
020, March, 1983 with its updates, and from 40 CFR, Part 136. To a lesser 
extent, methods referenced in ALS SOPs come from the current EPA CLP 
Statements of Work, from ASTM guides, and from Standard Methods for the 
Examination of Water and Waste Water. 
 

9.2.2 Reference Methods for Industrial Hygiene are primarily drawn from OSHA, 
NIOSH and internally developed methods. 
 

9.2.3 Reference Methods for dietary supplements and microbiology are listed in 
Appendices A and B respectively. 

 
9.3 Laboratory SOPs 

 
  SOPs are written for all environmental testing methods, any modified reference methods 

for industrial hygiene testing and any in-house developed methods. SOPs may be reference 
methods that are not modified. All SOPs are reviewed using document control procedures 
outlined in section 3.0. 

 
9.4 Historical Performance Limits, Reporting Limits 

 
  Exhibit 14 lists all analytical methods and preparatory method combinations in which ALS 

routinely tracks and maintains statistical control limits and reporting limits. The laboratory 
can perform using limits provided by clients or from referenced sources in the absence of 
historical data.  

 

10.0 Assuring the Quality of Results 

10.1 General 
 
Before samples are analyzed, the analytical system must be in a controlled, reproducible 
state from which results of known and acceptable quality can be obtained. That state is 
verified through the use of Quality Control (QC) procedures intended to ensure accuracy, 
precision, selectivity, sensitivity, freedom from interference, and freedom from 
contamination. The QC procedures performed at ALS include: calibration and calibration 
verification; analysis and comparison of resultant data to predetermined control limits for 
method blanks, laboratory control samples, spiked matrix samples, duplicate matrix 
samples, and surrogates added to samples; analysis of performance evaluation samples; 
determination of Reporting Detection Limits; and the tracking and evaluation of precision 
and accuracy. For specific analytical methods, other QC procedures are implemented as 
required by the method. 
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These QC procedures are performed and evaluated on a batch basis. A preparation batch 
must not exceed 20 field samples that are of a similar matrix type. The samples in a batch 
are processed together, through each step of the analysis, to ensure that all samples 
receive consistent and equal treatment. Consequently, results from the batch QC samples, 
not including field sample QC, are used to evaluate the results for all samples in the 
batch. 
 
Instrument calibration, method quality control, and data evaluation is described in Exhibit 
10 for environmental testing, in analytical SOPs and minimum requirements for industrial 
hygiene and dietary supplement testing is discussed in SOPs IH-QA-009, IH-QA-010, 
and DS-QA-002. 
 
All QC parameters set by the applicable ALS SOP or method reference shall not be 
exceeded without initiation of a NC/CAR (see ALS SOP LAB-020). 
 

10.2 Calibration and Calibration Verification 
 

  Instrument calibration is a QC measure taken to verify selectivity and sensitivity. 
Calibration of instruments at ALS is accomplished through the use of reference materials 
of the highest quality obtainable. NIST-traceable reference materials are procured and 
used if they are available. When NIST-traceable reference materials are not available, 
certified reference materials from government agencies or reliable vendors are used. In 
all cases, written records are maintained that allow all analytical results to be traced 
unambiguously to the reference materials used for calibration.  

 
  The following SOPs describe the process and record keeping responsibilities of analysts 

to ensure that all reagent and reference materials are traceable to their sources: 
 

 LAB-003 
 LAB-030 
 XX-DC-019 
 IH-QA-009 
 IH-QA-010 
 DS-QA-002 

  
 
  In general, analytical instruments are initially calibrated with standard solutions made 

from the reference materials at levels appropriate for the analysis. This is called the initial 
calibration (IC). This calibration is verified with a standard solution independently 
prepared from a different lot of the reference material, preferably from a different vendor. 
This step is called initial calibration verification or ICV. At specified intervals throughout 
the analytical sequence, the calibration is re-verified again through the analysis of a 
calibration check solution, usually the mid-point standard solution. This process is called 
the continuing calibration verification or CCV. If the IC, the ICV, or any CCV fails 
criteria in the analytical method, the system is recalibrated or the results are narrated. It is 
ALS’ intention to only report results generated under acceptable calibration conditions. 
Specific calibration procedures are found in the SOPs associated with each method of 



ALS Environmental (SLC) 
Quality Assurance Manual 

 Rev 1, Effective: November 15, 2011 
Page 20 of 30 

 
analysis. 
 

  Alternative calibration sequences or procedures will be discussed with clients as per 
section 3.1.4 and 3.1.5 of the ALS SOP LAB-023 “Client Communication.” 

   
  Calibration parameters set by the applicable ALS SOP or method reference shall not be 

exceeded without initiation of a NC/CAR (see ALS SOP LAB-020). 
 
10.3 Analysis of Method Blanks 

  
  The method blank (or preparation blank) contains no sample material; it is treated as a 

sample in every other way. It is analyzed to monitor any contamination to which the 
analytical batch might have been exposed during analysis. A method blank is analyzed 
with every analytical batch. An acceptable blank result must be below the reporting limit 
for environmental testing and below the reporting limits for industrial hygiene and dietary 
supplement testing. 

 
  Criteria set by the applicable ALS SOP or method reference shall not be exceeded 

without initiation of a NC/CAR (see ALS SOP LAB-020). 
 
10.4 Analysis of Laboratory Control Samples and QC Samples 

 
  A control sample (LCS or QC) contains the analyte(s) of interest in known 

concentration(s) in a laboratory matrix; it is used to monitor accuracy. It measures the 
success of the analysis in recovering the analyte(s) of interest from a QC matrix.  

 
  Soil samples and other solid matrices are analyzed with an LCS made of clean sand 

spiked with the analyte(s) of interest. Water samples and other liquid matrices are 
analyzed with a method blank spiked with the analyte(s) of interest.  

  Industrial hygiene samples are analyzed with an LCS made of sampling media. 
 
  The results of the LCS are reported as percent recovery: 
  

100 x 
K
X Recovery  %   

Where:  X = Measured value and K = Expected value 

LCS/QC criteria set by the applicable ALS SOP or method reference shall not be 
exceeded without initiation of a NC/CAR (See ALS SOP LAB-020). 

  
10.5 Analysis of Spiked Matrix Samples 

 
Matrix QC samples are generally used to determine acceptability of methods chosen on a 
field sample and are therefore not used to determine batch acceptability. If the analysis of 
matrix spike is not possible, as with industrial hygiene, dietary supplements or other 
samples of limited matrix amount, a duplicate LCS or QC should be analyzed in the 
batch. 
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  A known concentration of the analyte(s) of interest is added to a second representative 

portion of a field sample to prepare a matrix spike. The matrix spike is used to determine 
acceptability of the method chosen on a specific field matrix. It measures the success of 
the analysis in recovering the analyte(s) of interest from the type of field sample matrix in 
the batch. A matrix spike is analyzed with every analytical batch of environmental 
samples. The results are reported as percent recovery. 
 

 
 

100 x 
K

X - X
 Recovery  %

uS

 Where: 

Where Xs = Measured value in the spiked sample, Xu = Measured value in the unspiked 
sample, and K= Expected value 

Laboratory criteria for LCS and QC samples will be used in the absence of client-
specified criteria. Failure to meet these criteria will be noted in report, narrative 
comments, or as per client instructions. 

10.6 Analysis of Duplicate Matrix Samples 
 
Matrix QC samples are generally used to determine acceptability of methods chosen on a 
field sample and are therefore not used to determine batch acceptability. If the analysis of 
matrix spike is not possible, as with industrial hygiene, dietary supplements or other 
samples of limited sample amount, a duplicate LCS or QC should be analyzed in the 
batch. 

   
  A duplicate matrix spike sample or duplicate matrix sample is used to monitor the 

precision (repeatability) of the method chosen on a field sample. If a sufficient amount of 
the analyte(s) of interest is present in the field sample, a matrix duplicate sample is 
analyzed directly. If the analyte(s) of interest are not present in a sufficient amount, two 
additional portions of field sample are spiked with the analyte(s) of interest to ensure that 
meaningful results are obtained. A pair of duplicate samples (matrix/matrix duplicate or 
matrix spike/matrix spike duplicate) is analyzed with every analytical batch of 
environmental samples. The results of the analysis of duplicate samples are reported as 
relative percent difference (RPD). 
 

    100 x 
/2X  X

X - X
  RPD

21

21


  

Where: 21 XX   = The absolute value of the difference between the two sample values, 

  /2XX 21   = The average of the two sample values 

Laboratory criteria for LCS and QC samples will be used in the absence of client-
specified criteria. Failure to meet these criteria will be noted in report, narrative 
comments, or as per client instructions. 
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10.7 Analysis of Surrogates Added to Samples 

 
  Surrogates are compounds similar to the analyte(s) of interest but that are known not to 

be present in the environment. Examples are fluorinated or deuterated homologues of the 
organic analyte(s) of interest. When appropriate compounds are available, their use is 
specified in the analytical method SOP. When surrogates are used, they are added to the 
calibration solutions and to each field and QC sample in the batch. Surrogate recovery is 
a measure of the accuracy and selectivity of the method in the sample matrix. Surrogate 
results are reported as percent recovery. 

 

 100 x 
K
X Recovery  %   

Where: X = Measured value and K = Expected value 

Surrogate criteria set by the applicable ALS SOP or method reference on method QC 
samples shall not be exceeded without initiation of a NC/CAR (See ALS SOP LAB-020). 
The same criteria will be used for field samples although failure to meet these criteria 
will be noted in report, narrative comments, or as per client requirements. 

10.8 Reporting Limit Verification Samples (RLVS) 
 
RLVS is a control sample that contains the analyte(s) of interest at the stated reporting 
limit(s) in an applicable QC matrix; it is used to monitor sensitivity and assess 
uncertainty at the reporting limit. These samples are not used for batch acceptance and 
should be recovered at ½ the stated reporting limit. The analyst should consider raising 
reporting limits if systematic failures are apparent. 
 
10.8.1 A RLVS is required with each batch of samples for environmental testing. 

 
10.8.2 A spiked matrix sample at the reporting limits (RLVS) is required on an annual 

basis for industrial hygiene testing not using matrix prepared standards. 
 

10.8.3 Reporting limits must be at or above the lowest calibration standard. 
 
10.9 Analysis of Performance Evaluation Samples (PT) 
 
  Proficiency testing (PT) samples are prepared by an authorized independent organization 

outside the laboratory. Exhibit 1 lists PE sample performed by ALS. They are received 
and analyzed at regular intervals to monitor laboratory accuracy. ALS Laboratories sends 
the PT sample results to the independent organization, where they are evaluated and then 
forwarded directly from that organization to accreditation bodies as needed. PT samples 
are introduced into the regular sample stream of the laboratory and analyzed as routine 
samples by analysts who regularly perform the method. Laboratory personnel follow all 
instructions provided by the PT provider.  

 
  The Laboratory Director, Technical Managers or the Quality Assurance Manager can 

institute the analysis of additional PT samples or modify the performance evaluation 
program as appropriate.  
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  The following guidelines are followed by ALS: 

 • Averaging results is prohibited. 
 • Only qualified ALS laboratory employees analyze PT samples. 
 • Results are not discussed with outside entities or other ALS laboratories prior to 

the deadline for receipt of the results. 
 • ALS does not subcontract to other laboratories or receive from other laboratories 

any PT samples. 
  When a PT sample result is not acceptable a nonconformance is issued to determine and 

correct any problem(s) leading to the unacceptable result. (See ALS SOP LAB-020) 
 
10.10 Tracking and Evaluation of Accuracy and Precision 
 
  When evaluating batch QC the analyst makes a sequence of decisions before reporting 

sample results regarding calibration, the method blank, LCS, surrogate recovery, matrix 
spike, and matrix spike duplicate recovery results.  

 
  Assessment of the accuracy of an analytical measurement is based upon the analysis of 

samples of known composition. ALS relies upon the analysis of LCS/QC samples to 
track accuracy. The percent recovery relative to the expected value is calculated and can 
be plotted.  

   
  Assessment of the precision (repeatability) of an analytical measurement is based upon 

repeated analysis of equivalent samples of known or unknown composition. ALS relies 
upon the analysis of pairs of LCS/QC samples, matrix samples (M/MD) or spiked matrix 
samples (MS/MSD) to assess precision. The range of the pair is expressed as a relative 
percent difference (RPD).  

 
  Control limits for the accuracy and precision charts are calculated assuming a normal 

(Gaussian) distribution of results. Historical data points are used to calculate mean 
values, two-standard deviation warning limits, and three-standard deviation control 
limits. The establishment and updating of control limits is described in ALS SOPs QC-
DC-001, and IH-QA-002. 

     
 10.11 Trending 
 
  In addition to evaluating individual batch QC results against control limits, QC results 

from successive batches are also evaluated for possible trends. While a trend is not 
necessarily an out-of-control situation in itself, it can provide an early warning of a 
condition that can cause the system to go out of control. ALS SOP XX-DC-018,  and IH-
GL-009 describes in detail the assessment of QC data in the laboratory. The following 
conditions are trends that initiate action and/or monitoring. 

 
• A series of seven successive points on the same side of the mean 
• A series of five successive points going in the same direction 
• A cyclical pattern of QC sample results 
• Two successive points between warning limits and control limits 
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  ALS relies on analytical staff to identify trends in analytical systems. Quality Assurance 

can produce control charts as needed to assess trend but this activity by QA is not 
preventive and is only used to verify trends exist. The occurrence of a trend does not 
invalidate data that are otherwise in control. However, trends do require attention to 
determine whether a cause can be assigned to the trend so that appropriate preventive 
action can be undertaken. 

 
Long term trends in control limits are evaluated yearly by Quality Assurance and 
Technical Managers. See ALS SOPs QC-DC-001 and IH-QA-002. 

11.0 Data Processing and Review 

Data reduction, verification, and reporting are accomplished through extensive use of Horizon. 
Horizon is a commercial automated data handling system that incorporates a relational database 
with data upload for instruments and additional configuration to produce reports required by ALS 
clients. It is maintained by the ALS computer support staff and updated as necessary to 
accommodate new instrumentation and meet diverse client requirements. 
 
11.1 Data Reduction 
 

Data reduction consists of identifying the pertinent set of calibration standards, 
specifying the type of calibration to use, and calculating analytical results from the 
calibration equation. The actual calculations are performed by software residing in the 
analytical instrumentation. Analyst involvement is limited to instrument setup, run 
sequences and review of data files for upload to Horizon. 

 
11.2 Ensuring Accuracy of Calculations and Transcriptions 
 

All of the software used for data reduction, verification, and reporting is documented 
and validated by the ALS computer support staff according to ALS SOPs LAB-101, 
“Computer Program Testing,” and LAB-102, “Computer Program Documentation,” or 
by the vendor from whom it is purchased. ALS software is controlled and secured 
according to ALS SOPs LAB-103, “Computer Software Control,” and LAB-104, 
“Computer Software Security.” A continuing effort is made at ALS to increase the use 
of automated data handling, improve efficiency, and minimize human error. 

 
11.3 Peer Review 
 

ALS relies upon a system of peer review to ensure the quality of analytical reports. 
Peer review procedures are specified in the ALS SOP XX-DC-023 and IH-GL-009. 
An analyst, familiar with the analytical method used to produce the results (peer 
reviewer), reviews each report. The peer reviewer verifies that the calibration 
standards, type of calibration, and sample set with associated QC samples were 
selected correctly. The peer reviewer also verifies any manual transcriptions and 
calculations. The applicable Technical Manager can perform additional technical 
review.  

 
11.4 Verification of Quality Control 
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The analyst is responsible to evaluate the QC results (method blank, surrogate 
recovery, LCS, matrix spike, and duplicate results) and to take any necessary actions. 
Examples of necessary actions are: 
 Reporting sample results with the correct qualifier  
 Noting unusual situations in the case narrative or report comments  
 Initiating nonconformance when required 
 
The peer reviewer is responsible to verify that QC results have been evaluated 
correctly and that necessary actions have been taken. Peer review procedures are 
specified in ALS SOP XX-DC-023 and IH-GL-009. The peer reviewer works with the 
analyst to correct issues raised during the peer review process. The peer review is 
considered complete when all issues raised by the peer reviewer have been resolved. 
Resolving issues raised by a peer reviewer can involve the Technical Manager or  
Quality Assurance Manager. 

  
11.5 Reporting 
 

When the peer review has been completed, a report is generated. In most situations the 
report is produced from Horizon. In some cases part or all of the report can be 
produced from the data system of the analytical instrument. The reports produced by 
ALS meet the following requirements: 
 
•  The report identifies the method used. If the method is modified, it is noted as 

“modified” in the report. 
•  Any abnormal sample conditions, deviation from hold time, irregularities in 

preservation or other situations that might affect the analytical results are 
noted in the report and associated with the analytical results. 

•  The contents of the report include: 
 The report title with the name, address, and telephone number of the 

laboratory 
 The name of the client or project and the client identification number 
 Sample description and laboratory identification number 
 The dates of sample collection, sample receipt, sample preparation, and 

analysis 
 The time of sample preparation and/or analysis if the required hold time 

for either activity is 48 hours or less 
 A method identifier for each method, including methods for preparation 

steps 
 The MDL or minimum reporting limit for the analytical results 
 The analytical results with qualifiers as required 
 A description of any quality control failures and deviations from the 

accepted method 
 The signature and title of the individual(s) who accept responsibility for 

the content of the report 
 The date the report is issued 
 Clear identification of any results generated by a subcontract laboratory 
 Page numbers and total number of pages 
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The Project Manager can review final reports for compliance with client requirements. 
The Quality Assurance Manager periodically reviews a representative selection of 
reports for compliance with this QAM. Standard ALS deliverables are produced in 
accordance with ALS SOPs XX-DC-020 and IH-GL-009. 

 

12.0 Nonconformance and Corrective Action 

12.1 General 
 
ALS Laboratory operations are governed by documented procedures, requirements, 
quality assurance plans, project plans, and contracts. When any operation, for any reason, 
does not conform to the requirements of the governing documents, the aberrant event, 
item, or situation must be properly documented and evaluated. In addition, appropriate 
corrective action must be initiated. 
 
Procedures for the documentation and resolution of nonconformance and corrective 
action are detailed in the ALS SOP LAB-020 “Nonconformance/Corrective Action  
Procedures.” It is the policy of ALS that any nonconformance or corrective action which 
impacts results of testing must include notification to clients.  
 

12.2 Nonconformance 
 
An item, event, or procedure is considered to be nonconforming when it is compared to 
the governing documents or criteria and found to be unacceptable. Corrective action is 
required if the event may reoccur or is considered non-compliant with ALS policy and/or 
procedure. 

 
12.3 Corrective Action  

 
A corrective action used to eliminate systematic and reoccurring events. Corrective 
actions include a determination of cause, selection of appropriate corrective actions, and 
monitoring to ensure effectiveness.  
 

12.4 Root Cause 
 
Root cause is a process to determine the cause of an error. Proper root cause analysis is 
the key to a successful process and sometimes the most difficult part in the corrective 
action procedure. Often the root cause is not obvious and thus a careful analysis of all 
potential causes of the problem is required. The root cause process followed must reflect 
the severity of the problem identified. 
 

12.5 Documentation 
 

  All non-conformances and corrective actions require written documentation of events, 
root cause immediate and permanent corrective actions. When corrective actions are 
applied there must be monitoring for effectiveness.   

   

13.0 Improvement and Preventive Action 
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13.1 General 

 
At ALS, improvement of the quality systems and preventive action is effected through an 
ongoing systems review by management using input from all staff. 
 
ALS actively seeks employee and client input for improvements through surveys and 
questionnaires. Internally ALS maintains a process improvement website for employees 
to provide suggestions for improvements. For clients, ALS provides surveys and 
feedback forms on services provided. These automated systems report directly to the 
Laboratory Director for input into the management review process. 
 
Preventive actions using quality control data and control charts to trend data are the 
cornerstone of the preventive action system. Email on a daily basis identifies trends in 
quality control samples. Trend analysis using control charts can be forwarded to 
operations personnel for actions but in the long run are obvious to experienced analysts in 
the normal course of testing activities. Records of activities are maintained in the normal 
course of laboratory records. 
 
Preventive actions also include preventive instrument maintenance as listed in ALS SOP 
LAB-002, “Preventative Maintenance for Analytical Instruments.” These actions are 
documented in run logbooks and maintenance logbooks in accordance with ALS SOP 
LAB-030, “Documentation: Maintenance of Records, Notebooks, and Logbooks.” 
 

13.2 Internal Audits 
 

Internal audits are conducted in accordance with ALS SOP LAB-027, “Internal Audits.” 
When internal and external audits or data assessments reveal a cause for concern with the 
quality of the data an investigation is initiated by quality assurance personnel to 
determine the extent of the problem. Internal audits do include examination of laboratory 
practice, the use of data handling systems, documentation and document control, 
personnel qualification and training records, procurement activities, and other systems 
that support and augment the laboratory analytical function. All audit findings require 
corrective action and for any event that casts doubt on the validity of the testing results, 
client notification within two weeks. 
 

14.0 Records Management 

14.1 General 
 
ALS maintains records in accordance with ALS SOP LAB-013, “Archives.” ALS 
personnel are responsible for the retention, retrieval, and disposition of final records of 
laboratory data and activities. This includes: data packages, once they are completed; 
analyst laboratory notebooks and instrument maintenance logs, once submitted for 
archival; and training records, as established by SOP. 
 

14.2 Data Packages 
 
All documentation which pertains to the analysis of a sample or group of samples that are 
being reported together must be compiled as a data package. SOPs addressing the 
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preparation and control of data packages include: LAB-013, LAB-030, XX-DC-020, XX-
EP-900 and IH-GL-009. 
 
Records or copies of records that relate to the analysis of field samples are compiled into 
data packages by the analyst. These data packages are generally stored electronically as 
per ALS SOP LAB-013. Unless specified by contract, applicable statute, or program, data 
packages are retained for five years.  
 

14.3 Laboratory Notebooks and Logbooks 
 
Laboratory notebooks and logbooks are retained by ALS for ten years and are not 
released to clients. Laboratory notebooks are assigned to specific analysts, who are 
responsible for their maintenance. If corrections are required, a single-line cross-out, 
initials and date are entered. 
 

14.4 Quality Assurance Records 
 
Quality control sample results data are retained for five years. Records of internal audits, 
nonconformance reports, and corrective action reports are retained for ten years. All 
records are stored electronically for an indefinite period. 
 
The Quality Assurance Manager is responsible for maintaining and retrieving all records 
of audits, proficiency testing results, demonstration of competency, nonconformance and 
corrective action records and reports. 
 

14.5 Client-Related Information 
 
Project Managers are responsible for maintaining, archiving, and retrieving all contracts,  
project requirements and QAPPs provided to ALS by clients and related to projects 
completed by ALS. They are also responsible for the destruction of materials provided on 
unsuccessful proposals and bidding opportunities. Specific procedures for client 
communication and required documentation are listed in the ALS SOP LAB-023, “Client 
Communication.” 

 
 

15.0 Traceability 

15.1 Reference Standards 
 
Reference standards used by the laboratory are calibrated at determined intervals by 
outside vendors for the following equipment. These reference standards are maintained 
under the control of QA personnel and are used for verifying intermediate materials used 
by the laboratory. Quality Assurance is responsible for maintaining records and schedules 
of calibration. ALS uses vendors certified to ISO 17025:2005. 
 
• Reference Thermometers 
• Reference Weights 
• Anemometers 
• Stage Micrometers 
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Intermediate checks used in the laboratory to verify performance of support equipment 
are routinely verified against traceable reference standards. Records of such verifications 
are retained by Quality Assurance. 
 

15.2 Reference Materials 
 
Reference materials used at ALS must be of the grade or quality specified by the 
pertinent analytical procedure or methodology. 
 
Purchased reference materials must be traceable to a National Metrology Institute (NMI) 
similar to NIST or equivalent national or international standards where possible. 
 

15.3 Reagents, Solvents, Acids and Other Chemicals 
 
ACS reagent-grade chemicals and solvents are used unless otherwise specified in the 
analytical method or SOP. 
 

15.4 Documentation 
 
All materials ordered by ALS will be purchased with available documentation of purity, 
traceability and uncertainty. Internet certificates are not acceptable unless scanned and 
stored on network drives. 
 
Documentation of reference materials is maintained in accordance with the following 
ALS SOPs: 
 

• LAB-003 “Labeling of Solutions and Reagents” 
 

• LAB-030 “Documentation – Electronic and Hardcopy Instrument Records, 
Notebooks, Logbooks, and Raw Data” 

 
• XX-DC-019 “Standards Purity, Preparation, Traceability and Verification” 

 

16.0 Uncertainty 

16.1 Uncertainty is associated with most of the results obtained in the laboratory testing 
conducted by ALS. It is meaningful to estimate the extent of the uncertainty associated 
with each result generated by the laboratory. It is also useful to recognize that this 
measurement of uncertainty is likely to be much less than that associated with sample 
collection activities. 
 

16.2 In practice, the uncertainty of a result may arise from many possible sources. ALS has 
considered the relative contribution of major sources of error. The approach to estimating 
uncertainty adopted by the laboratory resulted in the conclusion that many sources of 
error are insignificant compared to the processes of sample preparation, calibration, and 
instrumental measurement. The uncertainty associated with the processes can be 
estimated from quality control data. Accordingly, ALS estimates uncertainty from data 
derived from quality control samples carried through the entire analytical process. A 
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description of the uncertainty calculation is presented in ALS SOP LAB-022, “Estimation 
of Uncertainty Measurements.”.” The estimation of uncertainty applied by ALS relates 
only to measurements conducted in the laboratory. Uncertainty associated with processes 
conducted external to the laboratory (e.g., sampling activities) is not considered. 
 

16.3 Calculation of uncertainty may use the precision measurement values for duplicate 
samples when LCS or QC samples are not used in testing.  

 
16.4 The calculation of uncertainty is not required for qualitative tests. The calculation of 

uncertainty has limited value when specific empirical values are not available. 
 

 

17.0 Appendices and Exhibits 

The appendices and exhibits are available upon request. All current documents are available on 
ALS On-Line. The documents listed in this section are dynamic; accordingly they can change 
without notice or revision to this QAM. 

 
Appendix A – Specific Dietary Supplement Testing Requirements 
Appendix B – Specific Microbiology Testing Requirements 
Appendix C – DoD QSM Special Requirements 
Appendix D –  Reserved for future use 
 
Exhibit 1 – Certifications 
Exhibit 2 – Organization Chart 
Exhibit 3 – Key Personnel 
Exhibit 4 – Staff Summary of Experience 
Exhibit 5 – Floor Plan 
Exhibit 6 – Instruments and Support Equipment 
Exhibit 7 – Environmental Testing Calibration and Corrective Actions and Troubleshooting 
Exhibit 8 – Environmental Testing Preservatives and Holding Times 
Exhibit 9 – Chain of Custody and Analytical Request Form 
Exhibit 10 – Environmental Testing Method QC Evaluations 
Exhibit 11 – Master List of Controlled Documents 
Exhibit 12 – Terms and Definitions 
Exhibit 13 – Control Limits, Reporting Limits and Detection Limits  
Exhibit 14 – List of Tests and DoD QSM Accredited Tests 
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ōqr°yw�qrstn���:�5���	��7	����?:��<�7>
5<����	B��C�:�5���	��7	Cqr°yw�qrstn�|p�<����	B��	���5���	��7	C=�5�yw�qrstn�|p�z

��	��7	C=�5�7��	B��	������:	���	��7	C=�5�7��7	C=�5�7=��	
�:D���	7���	��5�7=��	�=�	7�=�\�5�	B�����:D���	7���	�<�::=��	�=�	7��5
��=7�����=>	9\�5�	B�����=	�	7���	�<�::	?�=7�����=>	9<�	<�=7�	B�����=	��7	�<���	�<�::	?�	V

	5�:5:���������	7�C�=�B���=>	9<�	<�=75�
	�=	��5��7	Y=B�7	����	�	��:�7:������>		U<��	�<�=�B���	;<�=

	��	C=�5���	��	�<�	7���	��	�<��	7	�<�	7���	��=	�55�7	Y�:����7	��
5	=�C�	C=�5���	�<�	�=���	��	�<��	=����

�	=��:����	7���	5	=�C�=�	��=B��	�<�	�=���
�	�<�	���:D���	��7	�	�CC=�C=����	B��>h>	IY������	����:D���	��7	;�=V

=�75�����	�5�����	��:�7��7	��D	��<�=	C=������	��:�7�����	�
�	�<�	5:����	�	5:����	C=�\�5�	D	��<�=	C=�\��<�	5:����	���	����	C=�\�5�	������<�=	C=�\�5�5:����	���	�<�	5�=	C=�\�5�	����=B



��� ��������	
�			 ����	�
�	
���		 ����	H�	��	��		

������������ !"�#$%�

&&'̂) 1�����������)+�������)&&'̂'&)���)1��������������)���)-�����)1��������������)+�������)R�=	���	5<=�B����=�C<�5	g]@h	��7	:�Y�7	5<=�B����=�C<�5	gT@h	���:D����	�::	C�������	=��:��	�=�	5����=B�7	��	=�Y�=�7	?D	�<�	B��<�7�	�DC�5�::D	?D	�	��5��7	5�:B��	�	��5��7	7���5��=�	�	��5��7	;���:����<	g6�T@SkOh�	�=	?D	]@SL4	���:D����	�:����P�BC��7	?D	���	��	�<�	��::�;���	����������	Â	9<�	���:D��	��	����=���	C=�75��	�	5<=�B����=�B	5���������	B:��C:�	C��V�	�P<�?�����	�	5<�=�5��=����5	C����=��	;<�5<	B��5<��	�CC=�C=����	����7�=7�>	9<��	��	:�B���7	��	C��=�:�B	<D7=�5�=?��	���:D���	g�>�>�	����:���	��7	7����:h	��7	7���	���	��5:7�	C�:D5<:�=�����7	?�C<��D:�>	Â	9<�	��BC:�	B����	�::	��	�<�	��::�;���	=�Y�=�B�����	�>	�::	��BC:��	g:�Y�7	�=	��:�7h	5�B�	�=�B	�<�	��B�	��=5�	g�>�>�	�=��7;���=	��BC:��	�=�B	�<�	��B�	;�::h	��=	5�������	B�����=���>	4�BC:��	��	�<�	��B�	B��=�P	�=�B	�<�	��B�	�����	?�	�=�B	7����=���	��=5��	g�>�>�	7����=���	��BC:���	:�5������h	�=�	���	�P�BC�>	
>	�::	���:D���	<���	?���	C=�����:D	���:DK�7	��	��BC:�g�h	�=�B	�<�	��B�	��=5��	�7�������7	��7	5����=B�7	?D	�	��5��7	5�:B�	�=	?D	]@SL4>	9<�	5<=�B����=�B	��	:�=��:D	�5<����7	�=�B	�<�	���	��=	;<�5<	5����=B�����	;��	5�==��7	��>	9<�	7�5B����	��7�5�����	C=�����	5����=B�����	B��	?�	����:�?:�	��=	=����;>		&&'̂'̂)1�����������)a���)@����=B�����	7���	;�::	?�	C=���7�7	��	�C�5����7	��	�<�	B��<�7>	A7������5�����	5=���=��	��=	]@�	T@	�=	]@SL4	B��<�7�	�=�	�BB�=�K�7	?�:�;�	Â	]@	��7	T@	L��<�7�		�>	9<�	���:D��	B��	��::	;��<��	C:�	�=	B���	�<=��	��B��	�<�	����7�=7	7��������	g����?:��<�7	��=	�<�	���:D��S5�:B�h	��	�<�	=��������	��B�	��	�<�	7��:D	B�7C����	����7�=7	��	�=7�=	��	?�	Y�:�������:D	�7�������7>	9<�	=��������8��B�	;��7�;�	;�::	?�	����?:��<�7	��7	7�5B����7�	��	�C�5����7	��	�<�	�CC=�C=����	4���7�=7	JC�=�����	�=�5�7=�	g4J�h>			
>	U<��	��BC:�	=��:��	�=�	5����=B�7	?D	�;�	7����B�:�=	5�:B��	�=	7���5��=��	�<�	��=��B���	?��;���	Y����������	=��:��	B��	?�	���:���7>	9<�	=�:�����	C�=5���	7����=��5�	?��;���	�<�	�;�	=��:��	��	5�:5:���7	��7	���:���7	�������	4J�	��7S�=	B��<�7	5=���=��>	Â	]@SL4	L��<�7�	8	9;�	5=���=��	�=�	��7	��	��=��D	�7������5������	�>	I:����	��	�<�	���:D��	��	�<�	��BC:�	;�::	�55=	��	�<�	��B�	=�:�����	=��������	��B�	g��9h	��	�<��	��	�<�	���:D��	��	�<�	����7�=7>	
>	9<�	B���	�C�5�=B	��	�<�	���:D��	��	�<�	��BC:�	B���	��	�<�	�C�����	��	�	Y�:����7	���:D��	�=	�<�	7�C�=�B���	B�����=�	5�==��C��7	��	�<�	�C�5�=B	��	�<�	���:D��	��	�<�	����7�=7	�=	�<�	5==���	]@SL4	=���=��5�	:�?=�=D>	

?�	
�>	9<�	�g����?:�����7�
	��7	T@	L��<�>	9<�	���:D��g����?:��<
�=	]@SL4	B�7	T@	L��<�7�	=	]@SL4	B��<@	L��<�7�		

	7���	;�::	?�	C=�@SL4	B��<�7�	�=�	;�::	?�	C=���7��<�7�	�=�

	��7	5����=B:�=��:D	�5<����	7�5B����	��7�5��7	5����=B�7	?D	�:D	�5<����7	�=	C=�����:D	���:D��=B�7	?D	�	
B�	�=�B	�<�	��=	5�������	B��	�=�B	7����=���	��=�B	�<�	��B�	����	B�����=

����:���	��7	7CC=�C=����	���:���	��7	7���5���������	BC=�C=����	����7��	��7	7����:h	���������	B:��C��	����7�=7�����	B:��C:�
L4	���:D����	D����	�::	C�����5��7	5�:B��	����:D����	�:���



��� ��������	
�			 ����	�
�	
���		 ����	H�	��	��		

������������ !"�#$%�

�&&'�)a���)̀�¢��º)���)Ç���������)��)̀������)9<�	�����=��D	��	�<�	7���	����=���7	��	�������7	�<=��<	�<�	���:�����	��	�<�	��BC:�	=��:���	5�:�?=�������	��7	E@	��BC:��	gB��<�7	?:��V��	:�?�=���=D	5���=�:	��BC:���	��BC:�	7C:�5�����	B��=�P	�C�V���	�=�C	?:��V��	��5>h>	�	?=���	7��5=�C����	��	�<�	���:�����	��	�<���	���:D���	��	7��5=�?�7	?�:�;�	;��<	7����:�	:����7	��	�CC:�5�?:�	4J��>	9<�	5=���=��	��=	���:�����	��	E@	��BC:��	�=�	:����7	;��<��	��5<	B��<�78�C�5���5	4J�>	J�<�=	7���	���:�����	B���=��	B�D	��5:7�	g��	��5����=Dh	�	5<�5V	��	�<�	�55=�5D	5<�5V	��	�<�	E@	����7�=7�	��7	�	5<�5V	��	�<�	�D���B	����������D>		G���	�=���5=�C�����	��7	5�:5:������	�=�	�:��	=����;�7>		W����		U��<��	�<�	�5�C�	��	�<��	7�5B����	�::	C����?:�	7���	������B���	=�Y�=�B����	��=	��=���	C=�\�5�	C=���5�:�	5�����	?�	��5:7�7	��	�<�	:������	?�:�;>	9<��	:������	�����	�	����=�:	7��5=�C����	��	7���	���:�����	C=�5��5��	��7	��	�<�	:�?�=���=D	��	5�BC:���5�	;��<	WIT��	E�:��D	4D���B�	=�Y�=�B����>	�77������:	=�Y�=�B����	�P���	��=	5�=����	C=��=�B��	�5<	��	C=�\�5��	�7�=	�<�	G�G	E4L	C=���5�:��	��7	C=�\�5�8�C�5���5	E����>				�	L��<�7	@�:�?=�����	Ä	R�::�;���	�<�	���:D���	��	5�:�?=�����	?:��V�	��7	����7�=7�	�55�=7���	��	�<�	�CC:�5�?:�	4J�	�<�	5�:�?=�����	5�==�:�����	5�����5�����	���=���	=��C����	��5��=�	��5>	��	5�:5:���7	��7	5�BC�=�7	��	�C�5����7	5=���=��>	A�	�<�	5�:�?=�����	B����	5=���=��	���:D���	B�D	5������>	A�	�<�	5�:�?=�����	���:��	��D	C=�?:�B�	�=�	���:���7	��7	5�==�5��7	��7	�<�	5�:�?=�����	����7�=7�	=����:DK�7>		R�::�;���	5�:�?=�����	��7	���:D���	��	�<�	��7�C��7���	5�:�?=�����	��=���5�����	����7�=7g�h	�<�	C�=5���	7����=��5�	��=	�<�	A@O	��	5�:5:���7>	A�	�<�	C�=5���	7����=��5�	��	;��<��	�<�	�C�5����7	:�B���	�<�	5�:�?=�����	��	5�BC:���>	A�	����	�<�	C=�?:�B	����5����7	;��<	�<�	5�:�?=�����	��7S�=	A@O	�=�	���:���7	��7	5�==�5��7	��7	��=���5�����	��7S�=	5�:�?=�����	��	=�C����7>			�	@��������	@�:�?=�����	O�=���5�����	g@@Oh	Ä	R�::�;���	�<�	���:D���	��	�<�	@@O	����7�=7	�<�	C�=5���	7����=��5�	��	5�:5:���7	��7	5�BC�=�7	��	�C�5����7	5=���=��>	A�	�<�	@@O	B����	�<�	5=���=��	���:D���	B�D	5������>	A�	�<�	@@O	���:��	=�����	5�==�5����	�5����	��	C�=��=B�7	��7	7�5B����7	��7	�	
�7	@@O	��	���:DK�7>	A�	�<��	@@O	B����	5=���=���	���:D���	B�D	5�������	��5:7���	��D	=����:D���	��	��BC:��	�<��	;�=�	����5����7	;��<	�	���:���	@@O>	A�	�<�	=�����	5�==�5����	�5����	���:�7	��	C=�75�	��	�BB�7����	@@O	;��<��	5=���=���	�<��	���<�=	�55�C��?:�	C�=��=B��5�	��	7�B����=���7	g����=	�77������:	5�==�5����	�5����h	;��<	�;�	5����5����	5�:�?=�����	��=���5������	�=	�	��;	������:	5�:�?=�����	��	C�=��=B�7>			�	L��<�7	Z:��V	Ä	���:��	��=	�<�	B��<�7	?:��V	�=�	5�:5:���7	��	C�=��=B�7	��=	��BC:��>		A�	=��:��	�=�	:���	�<��	�<�	L�T	gâo	L�T	��=	G�G	C=�\�5��h�	�<�	?:��V	B�D	?�	=�C�=��7>		A�	����	����5����7	��BC:�	=��:��	�=�	���:���7	��	7���=B���	�<�	�BC�5�	��	�<�	?:��V	=��:�>	A�	C����?:��	�<�	��=5�	��	�<�	5����B�������	��	7���=B���7>	A�	�<�	5����B�������	<��	����5��7	��BC:�	=��:��	�<�	?:��V	��7	��BC:��	�=�	=����:DK�7>	A�	C�������	?:��V	=��:��	�=�	=�C�=��7�	�<�	?:��V	g��7	��BC:�h	=��:��	�=�	�:����7	;��<	��	�CC=�C=����	�:���	Y�:����=�	�=	��������>	�	4�BC:�	���:��	gA��=����5h	Ä	R�::�;���	��BC:�	���:D���	��7	5�:5:������	g��5:7���	��D	7�:�����	B�7�	7�	��	�<�	��BC:�	B��=�Ph	�<�	=��:�	��	��=����7	��	��::	;��<��	�<�	5�:�?=�����	=����>	A�	����	�<�	��BC:�	��	7�:��7	��7	���:DK�7	��	?=���	�<�	=��:�	����	5�:�?=�����	=����>			U<��	��BC:�	��7	��BC:�	7C:�5����	�=�	���:DK�7	��=	C=�5������	�<�	5�:5:���7	��G	��	5�BC�=�7	��	�<�	�C�5����7	:�B���>		

	L��<=��:��	����	���C���
5����	L��<�7	=��:��	�=
5����5	L��<�7	Z:�
�<�	=������55�C��?:�	C5����5����	5��	=�����	5�==�5��55�C��?:�	C�=��=B

����7	��7	�	���	��5:7���	��D����	5�==�5����
��:D���	B�D	5��7	��7	�	
�7	����=��5�	��	5�:D���	B�D	5������7	�	
�7	

:�?=�����	O�=���5��5�	��	5�:5:���7�	B�D	5������
S�=	5�:�?=����������	O�=���5�����	5�:5:���7	

�	;��<��	�<�	�	;��<	�<�	5�:�?=���?=�����	��	=�C����
���	���:��	��D	�:DK�7>		R�::�;���	7�=7g�h	�<�	C�=5����<�	�C�5����7	

�5����7	5=���=��>���:��	��D	C=�?:�		R�::�;���	5�:�?
	5�==�:�����	5��������7	5=���=��>	A�	�<��D	C=�?:�B�

B����	�P���	�5�8�C�5���5	E���	��	5�:�?=�����	?:�
	:�?�=���=D	��	5���	�P���	��=	5�=5���5	E����>			

���	������B�	?�:�;>	9<��	:����=���=D	��	5�BC��	��=	5�=��
:��	=����;���	������B���	;>	9<��	:������
	=����;�7>		�����B���	=�
���7�=7�	��7	�	5=��	��=	���:��:�����	B���=7�	��7	�	5<���	��=	���:��:�����	B����	��7	�	5<�5

�	�<���	���:D��=	���:�����	������	B���=��
	��BC:�	=���BC:�	7C:�5�������	���:D���	��



��� ��������	
�			 ����	�
�	
���		 ����	H
	��	��		

������������ !"�#$%�

9<�	��BC:�	��7	7C:�5���	�=�	=����:DK�7	��	�<�	5=���=��	�=�	�P5��7�7>	9<�	��BC:��	B�D	=�Y�=�	=�8C=�C�=�����	��7	=����:D���>	���:��	�=�	=�C�=��7	;<��	;��<��	�<�	5�:�?=�����	=�����	�=	��	����B����	;<��	����7�	�<�	5�:�?=�����	=����>	U<��	7�:�����	�=�	C�=��=B�7	�<�	L�T	��	�:�����7	�55�=7���:D>	�	4�BC:�	���:��	gJ=����5h	Ä	R�=	]@SL4	���:D����	��	��	��=����7	�<��	�<�	���:D���	;��	;��<��	�<�	C=��5=�?�7	���	;��7�;>	A�	����	�<�	��BC:�	��	=����:DK�7>	R�::�;���	��BC:�	���:D���	��7	5�:5:������	g��5:7���	��D	7�:�����	B�7�	7�	��	�<�	��BC:�	B��=�Ph	C��V	�����=�������	=��������	��B���	��7	�C�5�=�	�=�	���:���7	��	5����=B	Y�:�������	�7������5�����>	A���=��:	����7�=7	=��C�����	��7	�==�����	=�5���=���	�=�	���:���7	�������	�C�5����7	5=���=��>	A�	����=��:	����7�=7	=��C����	7���	���	B���	5=���=���	�<�	��BC:�	��	7�:��7	��7	=����:DK�7>		���:��	����7�	��	�<�	5�:�?=�����	=����	�=�	7�:��7	��	;��<��	�<�	5�:�?=�����	=����>		U<��	7�:�����	�=�	C�=��=B�7	�<�	L�T	��	�:�����7	�55�=7���:D>		�	4==�����	���:��	gJ=����5h	Ä	9<�	C�=5���	=�5���=D	��	��5<	�==�����	��	5�BC�=�7	��	�C�5����7	5���=�:	:�B���>	A�	=�5���=���	�=�	�55�C��?:��	�<�	=��:��	�=�	=�C�=��7>		A�	=�5���=���	7�	���	��::	;��<��	5���=�:	:�B����	�<�	��BC:�	B��=�P	��	���:���7>	U<��	B��=�P	����=��=��5��	�=�	C=�����	�=	7�5B����7�	�<�	=��:��	�=�	=�C�=��7	;��<	�	Y�:����=	�<��	B��=�P	����=��=��5��	�=�	C=�����>	A�	��	B��=�P	����=��=��5��	�=�	C=�����	��7	�<�=�	��	��	5���	��=	�<�	��:��=�	�<�	��BC:�	��	=����:DK�7>	6�;���=�	��	�<�	=�5���=D	��	�?���	�<�	CC�=	5���=�:	:�B��	;��<	���87���5��7	��=���	���:D����	�<�	��BC:�	B�D	?�	=�C�=��7>	�::	�==�����	=�5���=D	��:��=�	�=�	�CC=�C=����:D	Y�:����7	��	�<�	=�C�=�>	�	GC:�5���	4�BC:�	��7S�=	GC:�5���	L��=�P	4C�V�	���:��	Ä	9<�	��G	��	5�:5:���7	��7	5�BC�=�7	��	�<�	�C�5����7	5���=�:	:�B���>		A�	�<�	��G	��	;��<��	�<�	5���=�:	:�B���	�<�	=��:�	��	=�C�=��7>	A�	����	��	���:�����	��	�<�	��BC:�	��	B�7�	��	��=��D	�<��	�	<�B������	��BC:�	;��	��7	��7	�<�	=��:��	�=�	5�BC�=�7	��	�<�	L�T>	9<�	��BC:��	��7	7C:�5����	�=�	=����:DK�7	��7	��	=�8���:D���	�:��	C=�75��	��8��85���=�:	=��:���	�<�	=��:��	�=�	=�C�=��7	;��<	��	�CC=�C=����	Y�:����=>	�	T�?�=���=D	@���=�:	4�BC:�	���:��	Ä	R�::�;���	���:D���	��	�<�	T@4	�<�	C�=5���	=�5���=D	��	5�:5:���7	��7	5�BC�=�7	��	�C�5����7	5���=�:	:�B���>	A�	�<�	=�5���=D	��	;��<��	5���=�:	:�B����	�<�	���:D���	��	��	5���=�:	��7	=��:��	B�D	?�	=�C�=��7>	A�	����	�<��	��7�5����	�<��	�<�	���:D���	��	���	��	5���=�:>	4�BC:��	����5����7	;��<	�<�	w��	��	5���=�:j	T@4�	�<�::	?�	5����7�=�7	��C�5�	��7	�<�	��BC:��	=����:DK�7	�=	�<�	7���	=�C�=��7	;��<	�<�	�CC=�C=����	Y�:����=�>		�	L��=�P	4C�V�	���:��	Ä	R�::�;���	���:D���	��	�<�	L4	�<�	C�=5���	=�5���=D	��	5�:5:���7	��7	5�BC�=�7	��	�C�5����7	5���=�:	:�B���>	A�	�<�	=�5���=D	��	;��<��	5���=�:	:�B���	�<�	=��:��	B�D	?�	=�C�=��7>		A�	����	��7	�<�	T@4	��	;��<��	5���=�:	:�B����	�<��	��7�5����	�<��	�<�	B��=�P	C�������::D	?�����	���:D��	=�5���=D>	A�	��	��=����7	�<��	�<�	�C�V�	:���:	��	��	:����	����	��B��	�<�	?�5V�=��7	:���:>	A�	����	�<�	=��:��	�=�	=�C�=��7	;��<	�	Y�:����=	�<��	�<�	?�5V�=��7	:���:	��	���	<��<	��=	�55=���	=�5���=D	7���=B�������>	A�	B��=�P	����=��=��5��	�=�	C=�����	�=	=��:��	��7�5���	�	C�������:	C=�?:�B	;��<	��BC:�	C=�C�=������	���C�	B�D	?�	��V��	��	�BC=���	=��:��l	�5<	��	7�:����	��7	=����:D����	�=	=�8C=�C�=�����	��7	=����:D���>	���:��	�<��	7�	���	B���	�55�C���5�	:�B���	�=�	=�C�=��7	;��<	��	�CC=�C=����	Y�:����=>			&&'¡) a���)̀��������)U<��	��	���:D��	7���=B����	�<��	�	7���	C�5V���	<��	B��	�<�	7���	Y�:��D	�?\�5�����	g��7S�=	��D	5:����8�C�5���5	7���	Y�:��D	�?\�5�����h	��	�<�	B��<�7	��7	<��	Y�:����7	��D	���B�:���	��	�	

5�BC�?�	=�C�C����
	L��=�P	5�BC�=�7
Y�:����	L��=�P	4C�V5�BC�=�7	
5����7�=�7	Y�:����=�>		L��=�P	4C�V�	�
�:D���	��	���	������7�=�7	��C�5
:���7	��7	5�	�<�	���:D���	��	�����	��	���	��	5���7	��C�5�	
�=D	@���=�:	4����7	��7	5�BC��:D���	��	��	5D	@���=�:	4�BC	��7	5�BC�=�

C=����	Y�:����=>	���=�:	4�BC:�	���7	5�BC�=�7
	��	=�8���:D���	��	Y�:����=>	
���:�����	��	�<�	�=��:��	�=�	5�BC�=��:D���	�:��	C=�

:����7	��	�<�	=�	GC:�5���	L��=�P	4C���=�:	:�B���>		A���	�<�	��BC:
D����	�<�	��BC:�	��	�<�	=�C�=�>		L��=�P	4C�V
>	6�;���=�	��	�<�	��	�<�	��BC:�	B�D

C��?:��	�<�	=�	B��=�P	��	���:�����	�=�	=�C�=��7	;��=��5��	�=�	C=��
��=D	��	��5<	?:��	�<�	=��:��	�=	��	���:���7>	U=D	��	��5<	�==���	=��:��	�=�	

;��<��	�<�	5�:�?C:�	��	7�:��<��	�<�	5�:�?=�	�������	�C�5��:�	��	7�:��7	��7	�<�	5�:�?=�����	=�
�����	�7������5������	�C�5����7�:��7	��7	=�
	B��=�Ph	C��V	��	�7������5�������	�C�5����7	5

���	��BC:�	��=�Ph	C��V	�����=���7������5�����>	A��
��:D���	;��	;��<	��BC:�	���:D�����V	�����=�����



��� ��������	
�			 ����	�
�	
���		 ����	HF	��	��		

������������ !"�#$%�
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��HgIh	Â	ª|ªśvqrwy°s£°zynxzsqovqrs{|ps®o±wp|oxnoyqrs�q�|pqy|pwnzÎsO�=����	�>
�	��S
HS
���	Â	�B�=�5��	A�7��=��:	6D�����	����5������8T���	TT@	��:�5D	G�5B���	L�7:��	g
�	��������	���	�C=�:	��	
���l	
Z	��������	��	�C=�:	��	
���l	�Z	��������	��	����	��	
��Mh�	�CC��7�P	6	g��������	��	�C=�:	��	
���h�	��7	�CC��7�P	]	g��������	��	�C=�:	��	
���h>	gJ?��:���	����=	4�C��B?�=	�
�	
���h	Â	�B�=�5��	A�7��=��:	6D�����	����5������8T���	TT@	��:�5D	G�5B���	L�7:��	g
�	��������	���	Ê:D	�H�	
���l	
Z	��������	M�	Ê:D	�H�	
���l	�	��������	��	Ê:D	�H�	
���h�	�CC��7�P	]	g��������	��	Ê:D	�H�	
���h�	��7	�CC��7�P	6	g��������	��	�C=�:	��	
���h>	gI���5����	4�C��B?�=	�F�	
���h	Â	FL	J=����5	O�C�=	L�����=	4�BC:���	��7	���:D���	]�7��	¤p�qow�s¶q�|ps|owy|pzs��ttr��stsqo�s¤p�qow�s¶q�|ps|owy|pzs��vtr���t�	9�5<��5�:	Z::����	��
��	Ê���=D	��	
���>	Â	��	@R�	��=�	���	9���	L��<�7�	��=	4���7�=7�	��	��=��=B��5�	��=	W�;	4�������=D	4�=5���	�CC��7�P	�>	Â	��	@R�	��=�	�F�	L��<�7�	��=	J=����5	@<�B�5�:	���:D���	��	L��5�C�:	��7	A�7��=��:	U����;���=�	�CC��7�P	�>	Â	��	@R�	��=�	�F�	W������:	IB������	4���7�=7�	��=	6�K�=7��	��=	��::�����	��=	4�=5�	@�����=����	4?5<�C��=	@>	Â	��	@R�	��=�	�F��	G���������	��7	�=�5�7=�	��=	�<�	G���=B�������	��	�<�	L��<�7	G���5����	T�B���	�CC��7�P	Z	Â	�B�=�5��	4�5���D	��=	9������	��7	L���=��:�	g�49Lh�	]�����	R�:�	@��:	��7	@�V��	O�:B�	�H>���	4�C��B?�=	
���>	Â	�B�=�5��	4�5���D	��=	9������	��7	L���=��:�	g�49Lh�	����:	Z��V	��	�49L	4���7�=7��	�<�:�7�:C<���	��>	Â	�=�K���	�7B�����=�����	@�7��	ªn�qpyxnoys|{s¦nqry}s£np±w�nz	Ä	�q�|pqy|pwnz�	9��:�	M�	@<>	���	�=��5:�	�>	�w�nozwo�s|{s®o±wp|oxnoyqrs�q�|pqy|pwnz�	�M8��8���	�<=��<	�M8��8�
��	G�5�B?�=	F��	
���	g4CC>	��8�h	

�CC�	�B�=�5�4�C��
	��	@R�	��=�CC��7�P	Z	
4?5<�C��=	@>	�	@R�	��=�	�
C��7�P	�>		@R�	��=�	�F�	<�C��=	@>	�	��=�	�F�	W�

	��=�	�F�	L��<
�=�	�F�	W����
=�	�F�	L��<�7�	�
��	9���	L��<�7�	�owy|pzs��vtr���	L��<�7�	��=	4
	L�����=	4�By|pzs��vtr���t��<�7�	��=	4
����=	4�BC:���	��zs��vtr���t�	9�5
	6	g��������	���BC:���	��7

���5������8T���	T	�H�	
���l	�	�����������	��	�C=�:	��

�8T���	TT@	��l	�Z	��������	��	���	�C=�:	��	
���h>	gJ8T���	TT@	
���	TT@	��:�5D	G�������	��	���
qrs�q�|pqy|pwnzÎs@	��:�5D	G�5

s{|psy}ns�|x�nyno
IT��h�	
��T��h�	
��F	E�:��
5:���:D>	9DC�5	=��:���=D	C��:D>	9DC�5�:	�	�<�	��78����:���=D	C=C���D>	9DC�5�:	B��<�	�<�	��78��	��=D	C=C����	��78��	��	�

a/1bc.2*



��� ��������	
�			 ����	�
�	
���		 ����	��	��	��		

������������ !"�#$%�

Â	@�:���=���	I���=��B����:	�=���5����	����5D	��=	����=5��	Z��=7�	ny}|�zs{|psªnynpxwowo�s®xwzzw|ozs|{s�|Åw�s̄wps~|oyqxwoqoyzs{p|xs£yqyw|oqp°s£|vp�nz�	O�:B�	F�	Ê:D	
��	�MMN>	Â	@�:���=���	@�7�	��	���:������	g@@�h�	9��:�	

�	@<�C��=	��	Ã�noyw{w�qyw|osqo�s�wzywo�s|{s¦q�qp�|vzsÔqzyn�	NS
�S�H>	Â	L��������	�7B�����=�����	�:���	ªn�qpyxnoys|{s¦nqry}�	@<�C��=	�N���	T�?�=���=���l	�55=�7�������	��Y�=�B����>	Â	m||�s̄vy|xqyn�s�q�|pqy|p°s¥pq�yw�nzÎs¥pwo�w�rnzsqo�smvw�qo�nsy|stn�vrqyw|ozs§|ps®ozvpwo�sªqyqsÃoyn�pwy°sÃos̄vy|xqyn�s�q�|pqy|p°s¤�npqyw|oz�	I��	
��H	g����	�MMHh>	Â	I���=��B����:	�=���5����	����5D�	L��<�7�	kC7���	�:�	gLk�h�	]�7�:����	��=	I���?:��<���	9���	�=�5�7=��	��=	�<�	���:D���	��	��::�����	k�7�=	�<�	@:���	U���=	�5�l	���:D���	��7	4�BC:���	�=�5�7=��l	��	@R�	��=��	�

�	�F��	��F�	�F��	�HH	X	��Hl	R���:	�:�	FS�
S�N�	I���5����	�C=�:	���	
��N>		Â	I���=��B����:	�=���5����	����5DÎs�nzysny}|�zs{|ps®±qrvqywo�s£|rw�sÔqzynÎs¥}°zw�qrr~}nxw�qrsny}|�zÎs4U8����	9<�=7	I7������	�M��	��7	kC7����	A	gNSM
h�	AA	gMSM�h�	AAA	g�
SM�h�	AAA�	g�SM�h�	AAAZ	g��S��h�	AO�	X	AOZ>		4��	@<�C��=�	��	
�	F�	��	H�	��	��7	�¬Â	I���=��B����:	�=���5����	����5D�	ny}|�zs{|ps~}nxw�qrs̄oqr°zwzs|{sÔqynpsqo�sÔqzynz�	I��8���S�8NM8�
��	�M�F>	Â	I���=��B����:	�=���5����	����5D�	ny}|�zs{|psy}nsªnynpxwoqyw|os|{sÃo|p�qow�s£v�zyqo�nzswos®o±wp|oxnoyqrs£qx�rnzÎ	I��	���S�8MF8����	����	�MMF>	Â	I���=��B����:	�=���5����	����5D�	®¥̄ s~|x�no�wvxs|{sny}|�zs{|psy}nsªnynpxwoqyw|os|{s�|Åw�s¤p�qow�s~|x�|vo�zswos̄x�wnoys̄wp�	4�5��7	I7������	I��S�
HS�8M�8���?�	Ê���=D	�MMM>	Â	I���=��B����:	�=���5����	����5D�	®¥̄ s~|x�no�wvxs|{sny}|�zs{|psy}nsªnynpxwoqyw|os|{s�|Åw�s¤p�qow�s~|x�|vo�zswos̄x�wnoys̄wp�	4�5��7	I7�����	�77��7B�	J5��?�=	��	
���>	Â	6E	��=	R�=5�	@����=	��=	I���=��B����:	IP5�::��5��	9�5<��5�:	4�=��5��	E�:��D	���=��5�	�=��=�B�	]�7��5�	��=	@���=�5�	G�:���=�?:���	�CC��7�P	@�	E�:��D	���=��5�	�=�\�5�	�:��	gE���h�	R���:	O�=����	�>�>�
�	L�D	
���>	Â	W������:	A�������	��=	J55C������:	4����D	��7	6��:�<	gWAJ46h	qovqrs|{s̄oqr°yw�qrsny}|�z�	9<�=7	I7�����	g����	�M�Nhl	R�=�<	I7�����	g����	�MM�hl	���	4CC:�B���	�?:�5�����	M�8�FH�	
�7	4CC:�B���	�?:�5�����	M�8��M�	F=7	4CC:�B���	
��F8�H�	Â	W������:	@��5�:	��=	��=	��7	4�=��B	ABC=���B����	A�5>	gW@�4Ah>	
��N¬s̄��no�wÅs®sÑs�n�}ow�qrsÍvrrnywos~p|zzstn{npno�nsmvw�ns{|ps·~̄ £Ãsny}|�z¬sL��<�7�	L���:	g�Hh>		Â	£�~s���s£npwnzs¥qzzw±ns£qx�rnpstqynr£nrn�yw|osmvw�nÎsR�=B	�FN�
��	���	���
¬	Â	£yqo�qp�sny}|�zs{|psy}ns®Åqxwoqyw|os|{sÔqynpsqo�sÔqzyņqynp�	
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���!̂·plOI�!���
%�����b��������!̂� ̂%��������b������̂�����!̂� ̂�\ 
"�!̂�"��%��� ���̂����"̀�� %���������f� �"���b������̂������
 �̂�(�\�(�̀� ̂!̂�"��%���(��� ]�̂��̂����"̀�� �!�(��
 �� b�!���!� ��!�"�(�\�(�̀� ̂!���(�%���(��� ]�̂���(

tuvwxyz{���!� ��!�"��!
����d����̀���%��tuvwxyz{|}~{
�� ����̂� �!������̀���%���"���!���!uvwxyz{|}~{v�
�!�� !����!̂�!�����"����� %��̂� �!���®®%���"���!���!̂

����!�����"���������� ��\ �\� �������!̂��f�� !�����]"����� %�"��(��!

"�!��_��̀�"���\ �a�"���"̀�̂���!���̀�"�b\����̂��!��������� %�"��d��e
~{v��z�{v|����z���_��̀�"���!������"̀�̂���!���!̂
� �̂��������������z�{v|����z����|�~�!������

����!(�b��������(�b��!��!�!"�!"��̂��\� ��"��������(�_� c�!�
�!̂�� ��!�!��\� ���!(�b��̀�̂�� ��b��!��!�!"���

������̂�]������!�(��!"��̂�!���̀�� ��!�!��\� ��!!���̀�̂�� ��]
v��z�{v|����z�������̂�]���_(���!"��̂�!���̀��{v|����z����|�̂]���_(�����

� ̂��\� ���!
���z����|�~���|t
�� ��\�!��]� ̂��\� ���!��\�̂�̂b�!��� �� ��\�!��]������\� ���!��\ �"

��̂��� b�!�b̂�!��� ����!�����\�!��]����� ��̀�� ���!��\ �"�
�"��b�!���b�!�̂�� b�!���\\ �\�� ����!�����!��



������������������������� �!"��#�!����$�%����!�&'���������&(�&)���

* *

***
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PªPNLSPOTMTJªPN�Z�&))����� ���!�O����"� �!�"�̂����̂���%� �]�����®®����!� ����!(� �%��_��!̂� �\� ��!���!��""� ̂�!"��_��̀�]��̀��!�̀������!̂�"���!���\�"���"����!�d��½���̂����!������]� ��� ���!̂�"���!��%���̂�%�������� ��!\����!���e� \� ����%���̂�%������������ � �\� ����!̂��®®�d��e�� ̂�!����!�����®®���!� ����!�����\��!̂�"�b\���!"���������!���̀����]� ��� ���®®���!� ����!�����_� ��_��̀�e� \� ������d���������!��_��̀�̄�]� ��� ���!�� b����!�#�!���b�!�������b���̄�#�������\��� ��®®�\ �̂�"���!��!̂� �\� ��!�d���Sihi°p¢VTnn²¾hlOL�pn¾lmÂps��x{2|�{~�{�§|¥���u���|��t�|�{v�~�z{�|t{vz�u�~z{�|����º���1d�d�$��\�!��]���������!"��̂�̂������!�����#�f�����_� �������b(�" ����̂�� ��!������!����!̂�_� c����_"̀� ���!�½����(������̂��!��!���\\��"����!(�������������!�̂����!���_��̀������̀�� ��!��� ���(��������b� "̀�!��(��!̂� _ ����!�_��""��!��(� �!��!̂��!������" �̂��� �\� ��(�]�� ̂��""��!������ � ���®���(���!̂�\ ������ ��������� ����̀%������!̂�e� ̂!��(�]�� ̂��""��!����!�½����(�\ �\� ���������!���������̀������ ��̂\���b�!�(�̀��\�b� "̀�!����]���!��b�f��!̂�®��"�%� �\ �"����!�(� �%��_��# � �\� �(�#���b��!��!�!"���®®��è �!��(�®���è �!��(�\ �\� ��b� "̀�!��c������ �!�_�b� "̀�!��(�����b� c���!�����̂�̂����b�!���b�!���!��f"��(���"d�QpÀ²¢lOW¢²	¾nlm²hsOtuvwxyz{|}~{v��z�{v|����z����|�~��|�zxz|�{vv���|t{vz�u�~z{�|����º¹�x»u�{��|}��z�~x�~�d�$��\�!��]���������!"��̂�̂�̂�����!� ���!����f"��(�" ����̂�"̀� ����!̂�\ �\� �̂� �\� ��d��PkrlpqOT	qmhmrl¢il²¢s�tuw~����z§��|t{v{y{�{��|t{vz�u�~z{�|����d�$��\�!��]���������!"��̂�̂�̂�_!���̂���̄ � �\� ����!���'))���!� ���̄�̂�� ������b(���̂���̂��"��%�¶�!�"��%��e����e�!�� ���!̂�\ �\� �̂� �\� ��(�� �!��̂���\� ��!��""��������b\������(�e ����̂�#�!�̀���#��!��!�!"��e���!̂� (�®�_!���̂�̂��!̂� �� ��̀�̂�� ���� ����!c��""��!��(��������̂�®�\� �b�!��#�!��� �_��̀��\�"���� �a�"��(� �\� �̂¶#��!���!�̂��f"���®���]�������e����e�!�� ��e ����̂�� ��!������!���è � ���� �e� \� �����""��!��!�d�W¾¢noirp¢sOtuw~����z§��|����|�zvv��|t{vz�u�~z{�|����d��$��\�!��]���������!"��̂�̂(� �%��_�̂��!̂��!�� �̂����������e����̂�̄��!��"c���������̀�������b(����\�!̂�̂��""��!���� ��!"�b\�����\�"c����d�Khlp¢hplOPÀpnmijmrlsOt{�§����z��|�~���~{�zu~{v�|}�uw�{|�zvv��|t{vz�u�~z{�|����º����(� ��\�!��]���������!"��̂�̂ �̂�"���̂����������!����!̂�b� "̀�!��� ��� ̂�!����"�bb� "���������!�(�"�� ̂�!���̂�����_����!��� ����!����b�a� �"���!���_��̀���"̀!�"�����\\� ���!̂� �� �bb�!�(�\ �%�̂�̂�_��c��� �\� �������̀����!�� �#�!���b�!�� ��� ̂�!����b�!������_��(�"�� ̂�!���̂�b����\���̂�\� �b�!����!� ��������!������"̀!�"����!̂��������"���������(�b���_��̀�%� �����%�!̂� �(�\ �\� �̂�b�!�̀����������!̂�\ �����]������ �\� ��(�̂�_!���̂�̂�����!�_��""��!����!̂�\ �\� �̂��\ ��̂�̀������ �½��!�� !���e�bb� "��� ��\(�\ �\� �̂�"�bb�����!������b�!���� ����!��(��������!̂��""��!��!��̂�\� �b�!�(��������̂�b� "̀�!���_��̀�!�_��\\��"����!���!̂�\ �"�̂� ��(� �%��_�̂�!�_¶�f����!��b� "̀�!���""��!����� �\ �����]�������!̂��̂a����̂� ������!̂�����(�\ �\� �̂�̂�����"�b\�!���������!̂� �%�!��� �\� ��(� �%��_�̂��!̂� �"�bb�!̂�̂��f����!���!̂�!�_�̂�\� �b�!��\ �"�̂� ����� �]���� �����"��!"�(�� ��!�̂�!�_��b\������(� �!���̄ � �\� ���� �%� �����̂�\� �b�!����̀ ���̀�����������b(�\ �\� �̂�"�bb�����!������b�!���� ����!����!̂�������̂�\� �b�!�(�b��!���!�̂��!̂�b�!���̂�̀��̀�%���b���""��!��(���̂���̂�!�_�b� "̀�!���""��!����� ��""� �"���!� ����(�����(��!̂�����\(���̂���̂��!̂�\ �\� �̂� �\� �������!������b� "̀�!������!���̀�����))8��""� ̂�!������̀�����!�(�\ �\� �̂��!̂�\ �%�̂�̂��̂���� �̂\� �b�!�� �\� ��(��������̂�®�\� �b�!��#�!��� �_��̀��\�"����\ �a�"��(�\ �%�̂�̂��̂b�!��� ���%����\\� ������̀��̂�\� �b�!�������(�̀�!̂��̂������!"�b�!��b� "̀�!���!��� ����� �b�b� "̀�!��(� �\ �� �bb�̂��f����!��\��!������������ b�!�������̂����������"����""����!�b]� �d¡PsOKh¿²¢qilm²hOPkrlpqrsOXÀlm²h9O¡¾rmhprrsOt{vz�u�~z{|��{��|£~z����z���|¥u��¦�z§���|t}�|&))�d�

"�
�""�� �\� ��(� ��!�
e�bb��������""��!�� �\� ��(� 
e�bb��������̂�b�""��!�����
�!� ���������!̂�\ �����]���e�bb� "��� ��������̂�b� "
� �������̀����!� ��������!������"�̂\ �����]������ �\
����!��� ����!����������̀����!�� �#����!������"̀!
PÀpnmijmrlsO�̂�"���̂������ ����!����b�pnmijmrlsOt{�§"���̂��������

����̂�̄��!��"t{�§����z���̂���������
~����z§��|����̂̄��!��"c��

�!���!�̂��f"�
��|����|�zvv��|

�z§��|t{v{y{�̄̂�� ������b��""��������b\�� ���� ����!c��""�f"���®���]�
�|t{v{y{�{��|t{v�� ������b(���̂�����b\���
����!� ���!����fy{�{��|t{vz�u�

\� ��b� "̀�!��
�z����|�~��|�zxz

�%� �\ �"���� "̀�!��c������ �
(�]�� ̂��""��!��!�½����(�\ �\� ��� �\ �"����!�
 ����̂�� ��_��̀������̀�� ��! ̂��""��!��������̂�� ��!�����̀� ��!���""��!������ 

�{v�~�z{�|t{vz�u�� ��!������!����
!��_��̀�̄�
�z{�|t{vz�u�~

��_��̀�̄�]� !̂�"�b\���!"����̀�̄�]� ��� ���!
!"��_��̀�]��̀��\����!���e� \� ����b\���!"���������!



��������������������������� �!"��#�!����$�%����!�&'���������&(�&)���

*

O
**

I¾¢¢phlOW²rmlm²hO ThijkrlOKKK�Z�&)�)���� ���!��QprÀ²hrmÁmjmlmprO �!�����!���!̂�� ��� (��b]��!���� ��!̂���� "���b�����!���b\����]���e¶#��b��̀�̂���!"��̂�!������������\ �\� ����!��!̂�b�̂���"����!�����f"����\ ��̂�̀������!̂�b�" ����� �̂���� �\� ��!���!̂��ed¼²n¾qphlilm²hO²¿O¼pq²hrl¢ilm²hO²¿OIiÀiÁmjmlmprOmrOiÂimjiÁjpO¿²¢O¢pÂmpÃÄOL�Àp¢mphnpO ¼pÀi¢lqphlOTrrmrlihl(�(�t{vz�u�~z{|�w�¦��{~|£~z����z���|¹¦uw�{~§|{���|t}�(�&))[�&)�)d���̂�̂����̂�!���_��̀��b����!̂��̂�]��® ��b_��%� �\ �� �b���� ��!��!��#�" �b���"��� �#����b�\ �a�"���"�  ��̂�����̂� �!����!���"���]�"�� ���d��e ����̂�!�_����̂�!��\ �a�"����� �̂�%���\b�!����]�������"�� ���d���̀��\ �a�"�����!� ���̂�b�̂�������������� "̀�!��!̂�® ���\̀�����\�"�b�!���� ��̂�"����!����!���̀���!���b�" �̂����"���!(����� ��"�!��b�" ��"�\�(��"�!!�!�����"� �!�b�" ��"�\���!̂��!�%�� ���� ���������!d��$���!�̂�b�" �]������"����f\� �b�!����̀���̀��\�̂����̂�!����!��̀�� ��]���������"�!̂�"���̂�����!���� �\�����"��!��(���� ������\ �\� ���!̂�����!�%� �����_����!̂�̂ �����̂��(�"����%������ ��c�\�����(��!"�]������b\��������\\ �\ �������b\� ��� ����!̂���b��\� ��̂�(��!̂�\ �\� ��b�̂��d�Pl¾	phlOJiÁOQprpi¢nop¢(�(�t{vz�u�~z{|�w�¦��{~|£~z����z���|¹¦uw�{~§|{���|t}�(�&))��&)�)d��b\����̂�\ ���"��!"������ ��!�"���!�̀���������\��b���� ��"���!��_̀�"̀���"����!�����c��"��\��!��b��̀�̂�������� ��̀��" �����!����!�%���� ��!�"�b��� ������̀���� ����������� �\̀� b�"����"����!̂�b��� ����"̀�b��� �d���������̂�c!�_��̂����������"̀ �b���� �\̀��b�����\�"� �b�� ����e�#����!̂�!�"��� �b��!���"� ���!�!"����#$������̂�!�����!�%���"�b\��!̂�d������!̂�̂�&)�)��b� �"�!�è�b�"�����"�����e�!�� �!"���!̂�\ ���!��̂�� ��\� ���� "̀��!�\���� ��!̂�� ���������!d��L	¾nilm²hO ¡PsO¡m²j²°kO©Si³²¢«sOIopqmrl¢kO©Smh²¢«(�(�t{vz�u�~z{|�w�¦��{~|£~z����z���|¹¦uw�{~§|{���|t}�(�(�&)�)d� sOIopqmrl¢kO©Smh²¢
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�!̂�Iopqmr�[��
���̂����!̂��� ��Iopqmrl
���̂������̂���(��!̂��� ����̀�
b��̀�̂�̂�%����̂���(�̀��� ̂���̂���(�� ��!̂
�a�"����!"��̂�̂���̀�̂�̂�%���\b����(�̀��� ̂���

OJiÁ²¢il²¢kOP�$��\�!��]�����������!"��̂�̂��
�� ��̄�]� ��� iÁ²¢il²¢kOP¾Àp!��]���������!"
��!��d� �%� ��̄�]� ��� �d��l²¢kOP¾Àp¢Â

�̂������"̀!��d� �%������� ��]� ��� �d��
%��e�!������̂�����"̀!�"���%������� ��\

�̂� �� �b�b�!�!� �"��d�� �a�"�������]���]�����

��u�x{~��|}~
tº̧|̧~�z��b�!���b�
 �!���� ��̂�"��x{~��|}~{v��z�{v�
\��!���!̂��!��������� ��̂�"����!���"�~{v��z�{v�|�~

���!"��̂��b�!�����!̂�b� c���!��d��!��� �\� ���\\ �%���!��̂���
��}|����̂��b�!���!��� c���!��d���%��}|����u�x!����"
���"���\ ���\ �\� ����f�"����\ ���"���d�� ����f�"���̂�

 ��"�!��_��\ �a�"���"̀�̂��\ ���"���d��e��f�"���̂�
��!̂��"�������"�!��_��̀�"�"���"̀�̂���!�
 �� �������]��!!̂��"��������\�̀�"���!

�%���\b�!�������]��!�� ������"��������\ �a�"��̀�"���!��
������]�����(�\ ����\b�!�d��$�%����!�� ������̂�



��������������������������� �!"��#�!����$�%����!�&'���������&(�&)���

*

**
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�����\ �̂�"���� ��!�� !����!����� ��� �!��"���
����� ��\� ���\ �̂�"��_� �� !����!����̀
	qmhmrl¢il²¢sO� ��\� ����!�����̀��̂�"��_� �̂_�̂
�b�"̀�!��d��mhmrl¢il²¢sO ����!�����̀��

�b\��� ���̂��\�!��]���̂�!������
]��������!̂�"�>z��ux�|�~�� �\�"c�\(��� ��!�(���̂�̀�\\�!��

�!������̂���b\����!̂�"�!���!� �z��ux�|�~���|{
�̄]� ��� ���!�\� ��̂���b\�������̂���b\������ �"�!���!� ����

�̀�!����"���e�����""��!���� ���������\ ��� %�̂��� ��� ���!�� b�
!̂��������b\�����!����"����̂���e���!���� ������̀�
z�{v|����z����|�~���������b\�����!��z����|�~���|t

����� �� ��� ������(�b��!���!���� �� ��� ��� ���
�������b\��� �"��\��"�b\�(�b��!���!��"�������b\���(����\��"�b\���!"�!���!��"���]

�� ��� %�"��(�̂�����b\���(��!̂��̀��"�b\���!"��
�̂�̀�� � ��\�!��]�� %�"��(�̂��� �]�



��������������������������� �!"��#�!����$�%����!�&'���������&(�&)���

*

?@/@ONXOWQLPLMNO
**
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I²¾M¾q
I²¾¢I²¾¢rpILQNKÅKI²¾¢r
¡ÄPÄsOIoI²¾¢rpÃI²¾¢rpÃ²¡ÄPÄsOIopqI²¾¢rpÃ²¢�
��d�d(�\���!����!̂��� �d����¡ÄPÄsOIopqmrl¢k
\�!��]���������!"��(�\���!���b�� �"�\noOTrrmrlihlsO�]���������!"��̂�̂�\���b�� �"�\��

��������!"��̂�̂���������!%� �!b�¹¹|
mnmihsOSplij����!"��̂�̂�\ ����!%� �!b�!��sOSplijrOJiÁsO!"��̂�̂�\ �b� ���e!%� �!b�!�����

���!�"�\�] �%�̂����"̀!�"����
�|¹��¦~uvu��b�"��\�"� ��"�\����\�]�����������̀�!̂�"̀!�"�����\\�

OSplijrOThi!��]����� �̂� �"��!���(��!̂��e�#�vu��|t�~����|
lijrOThijkrmrOJ �̂� �"��!���̀��̂

"��#�!��� ��� ����\�"�����!�����"ijkrmrOJiÁ

z{|}~{v��z�{v|�\� ����!�����̀��3������!�����"���!��(�\ ��]a�"��%��(��!̂
{v��z�{v|����z���!�����̀��3�������]
 ��� ���\� ����!
|����z����|�
uvwxyz{|}~{v���\� ����!�(��!yz{|}~{v��z�{v|� ����!�(��!"

�̀��� �!�!"�����"����\� �� b�!�������b�b �!�!"��������"
�!�����!�������\� �� b�!"������b�b]� �!"��������"� 

��̀�����̄�]� ����!���������(���"̀ �� b�!"������̀���b�b]� ���
�����̄�]� ��� ��®� ��������(���"̀!�"



�������������������������� �!"��#�!����$�%����!�&'���������&(�&)���

*

?@//ONXOWQLPLMNO
**

I¾¢¢phlOW²rmlm²hO 
ÇTJKNªOTPPÇQTMILO¼KQLINXQOTM¼OÏ KLÅO
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V̈badYefYgX̄ b̀gX¦YefYgX̄ b̀gX¦Y «h²³\̀fXY

}����rY �aXVhY efYhXX¦X¦Y\gYb]YcX¡ XgVc̀gXYbfY\̀cfb¦XYab¡bcY «h²³\̀fXY�ºr������r�Y  ³p[Y�Y  ³pmY �\h¦bcb\hY g\¬XY�¢VhWXYªbaabhWY\àcb\hY °¢XhY]àic̀Vcb\hfY\iìgY°XX£adY «h²³\̀fXY
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